qao/i-39-07bb

United States Effluent Guidelin D EPA 440/1- 7&0 . . U’T:
Environmentai Protection WH- 552 December ‘979 K - ! -
Agenc Washin v

gency as DC 20460 i— l

Water and Waste Management

,. SEPA Development Draft .
Document for Proposed-
Effluent Limitations
Guidelines and
Standards for the

~

Shipbuilding and Repair

o Ty m——

Point Soqnce‘ee%egdry

RS 1634 ~=

of

;:~‘:-=raf’.7:.~.::';‘ oF £00 n;ﬁmom"‘ Agency
N LS E""“'_‘mw Rogion X

APR § 1981

1200 Sixth Avenus
Seattte, WA 98101




' DEVELOPMENT DOCUMENT
FOR
PROPOSED BEST MANAGEMENT PRACTICES

for the

SHIPBUILDING AND REPAIR INDUSTRY:
DRYDOCKS
POINT SOURCE CATEGORY

Douglas M. Costle
Administrator

Swep T. Davis
Acting Assistant Administrator
for Water and Hazardous Materials

Albert J. Erickson
Acting Deputy Assistant Administrator
for wWater Planning and Standards

€0 ST4p,
. \)‘l\‘ - F"

f
"4, pact&

Robert B. Schaffer
Director, Effluent Guidelines Division

ANOHIAN

&

Gy agenct

Ernst P. Hall, P.E.
Chief, Metals & Machinery Branch

John Penn Whitescarver
pProject Officer

December, 1979

Effluent Guidelines Division
Office of Water and Hazardous Materials
U.S. Environmental Protection Agency
Washington, D.C. 20460



ABSTRACT

This document presents the findings of an extensive study of the
shiptuilding and repair industry. Its purpose is to provide specific
guidance €or .the development of discharge permits to be issued under
the authority of Section 402 of the Federal Water Pollution Control
Act as amended. These permits are issued by state and federal
authorities participating in the National Pollutant Discharge
Elimination System (NPDES).

The studies conducted by the Environmental Protection Agency (EPA)
determined that the imposition of national industry-wide numerical
limitations and standards is impractical at this time. This document,
therefore, provides guidance which recommends specific best management
oractices. Such management practices should be tailored to specific
facilities. This determination shall in no way restrict the use of
numerical limitations in NPDES permits.

The best management practices identified in <this document shall be
guidance for the determination of best practicable control technology
currently available, best available control technology economically
achievable, and best available demonstrated control technology.
Supporting data and rationale are contained in this document.
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SECTION I

CONCLUSIONS

An engineering evaluation of graving dock and floating drydock
operations was conducted to determine potential for generation of
pollutants from skipbuilding and repair operations. The
practicability of establishing numerical effluent guidelines was
evaluated. Current techniques employed by shipyards were evaluated
with respect to practices which reduce constituent levels in
discharges and with respect to variations in repair practices within
the industry.

The conduct of the work involved contacts with thirty-eight shipyards,
engineering visits with data collection in seven shipyards, and
sampling during ship repair operations in two shipyards.
Additionally, prior work conducted Ly the EPA, discharge data
collected in response to NPDES discharge permit monitoring, and
relevant literature prepared by the EPA, Navy, and private shipyards
were evaluated.

This industry is such that numerical effluent 1limitations are
impractical and difficult to apply in a manner which could be
monitored; therefore, guidance is provided for controlling wastewater
pollutant discharges which require that best management requirements
be applied.

The qguality of the water discharged from drydocks is highly dependent
upon the process used for removal of paint, rust, and marine growths
from the metal surfaces of ship hulls. These materials are found
mixed in the spent blasting material. Rust and marine growth removed
from the sides of the ship may increase quantities of solids in the
waste stream. ’

Spent paint contains compounds of copper, zinc, chromium, tin and
lead, as well as orgarotin compounds (References 5, 6, 8, and 15).
Copper, 2Zinc, chromium, and lead have been identified as priority
pollutants and as such, their discharge must be subject to caontrol.
The paint contributes to the solid load in the waste stream as well as
coming in contact with stormwater, flooding waters, hosewater, and

-water spills. Additionally, it can be washed, pushed, or blown into

uncovered drains or shore waters.

Antifouling paints are of particular concern. Toxic constituents,
such as copper or organotin compounds are used in these paint
formulations. Oof special concern are the new organotin antifouling
paints due to irritant and toxic effects of the paint.



The evaluation of literature, observations, and data leads to  the
following conclusions:

1. Segregation of water, except rainwater, from debris on
drydock decks and removal of debris, spent paint and
abrasive are the two most practical methods for reducing
discharge of solids and wastewater.

2. Yards servicing freshwater vessels generally do not use
abrasive blasting in preparing the hull for painting;
therefore, some recommendations have been identified to be
deleted for yards not using abrasive blasting.

3. Existing floating drydocks cannot be effectively monitored
by normal sampling procedures because water drains from a
rising dock through many scuppers, the ends, between
pontoons, and through other openings.

b. On the basis of available sampling data, the type and the
degree of activity occurring in <the yards do not relate
consistently to levels of pollutant constituents present in
the wastewater.

5. Innovations such as closed-cycle blasting and vacuum
equipment are currently in the development stage and show
promise for increased productivity, reduction in airborne
particulates, improved working conditions, and reduced
abrasive blasting debris accumulations in drydockse.

6. Clean-up practices appear to enhance productivity by
improving working conditions and allowing workers greater
access to work areas.

7. Current regulations governing oil and grease spills are
applicable to floating drydock and graving dock operations
during flooding and deflooding.

The above conclusions are based upon data obtained Aduring sampling at
two facilities and similar data from other sources. Due to the nature
of the facilities, sampling techniques are difficult to employ and
estimates of the pollutant load had to take into account the processes
occurring and the material balance. A complete material balance on
the abrasive and spent blasting debris was considered and rejected
because of inherent inaccuracies. Such factors as the unknown
quantity of marine growth present on the hull, the unknown amount of
paint to be removed, and uncontrollable introduction of rainwater and
leakage into the abrasive blasting debris contribute to these
inaccuracies. Further, dispersion of the material in the dock and
possible inclusion of other forms of debris (for example, sediment and



marine organisms which enter during flooding and when the caissons are
open) compound the problems associated with a material balance.

Shipyard practices strongly influence the amount of waste produced.
vards servicing only freshwater vessels produce no spent antifouling
paints since antifoulants are not used on freshwater vessels.
Freshwater vessels are rarely subjected to abrasive blasting and thus
the spent primer paint and abrasive are not produced.

Shipyards servicing commercial oceangoing vessels remove paint, both
antifouling and anticorrosive, to varying degrees depending on the
desires of the vessel owner (Reference 5). Naval vessels are
customarily stripped of paint to bare metal, whereas commercial
vessels are stripped to bare metal only occasionally and more
frequently only lightly sand blasted to prepare the surface to receive
a coating of paint. Spent antifouling paint thus occurs in shipyards
in different quantities.

Graving docks are subject to inflows of water which are not
encountered with floating drydocks. Groundwater and gate leakage are
the two major sources. Rainfall varies with climate but constitutes a
third source. These inflows must be pumped from graving docks while
rainfall can run off floating drydocks.

Leachability of spent paint is still an unresolved question. Primers
containing lead oxide and zinc chromate do not appear to pose a
leaching problem. Antifouling paints containing copper oxide may be
Jeachable under some conditions, but factors such as amount of active
material remaining, water pH, water temperature, water hardness,
particle size, and contact time would appear to influence the amount
of leaching if it occurs (References 5, 16, 17). Organotin paints may
present hazards to workers during dry abrasive blasting. These paints
are relatively new and little experience has been accumulated with
them. Major unknowns with organotin paints are those of the extent of
emission of tributyl-tin-oxide or tributyl-tin-fluoride (toxicants),
the conversion of the organotin compounds to inorganic tin, and again,
the actual leachability of the material. Formulations are prepared in
differing concentrations depending upon the owners® specifications and
the expected life of the protective coating.

Finally, it is concluded that a number of management practices are

_.used at some yards which can be adapted to the needs of other yards.

All facilities practice some degree of clean up at various times,
although this may consist only of moving debris out of the work area
when accumulations interfere with operations. During the docking
period, some facilities use extensive clean-up procedures. In general
drydock clean up is directed toward improving productivity and safety
and toward maintaining acceptable working conditions. Both mechanical



and manual methods are in use. Control of water flows within the
dock, like clean-up procedures, vary with each facility. )



SECTION II

RECOMMENDATIONS

Based on the results of various studies, it is concluded that
numerical effluent guidelines should not be established at this time

because the nature of the discharge is not conducive to numerical
monitoring.

on the basis of practices observed in and reported by various
shipyards, Best Management Practices (BMP) have been developed for
general application, and should be considered as guidance in 1lieu of
numerical limitations. These are recommended for shipyard
implementation by each individual facility in a manner best suited to
the particular needs and conditions prevailing. The magnitude of the
problem, equipment needed, physical drydock factors, scheduling, etc.,
should be considered in developing a plan to abate pollution.

The following specific requirements shall be incorporated in NPDES
vermits and are to be used as guidance in the development of a
specific facility plan. FPest Management Practices (BMP) numbered 2,
5, 7 and 10 should be considered on a case-by-case basis for yards in
which wet blasting to remove paint or dry abrasive blasting do not
occur, and BMP 10 does not apply to floating drydocks.

BEST MANAGEMENT PRACTICES (BMP)

BMP 1. Control of large Solid Materials. Scrap metal, wood and
plastic, miscellaneous trash such as paper and glass,
industrial scrap and waste such as insulation, welding rods,
packaging, etc., shall be removed from the dxydock floor
prior to flooding or sinking.

BMP 2. control of Blasting Debris. Clean-up of spent paint and
abrasive shall be undertaken as part of the repair or
production activities to the degree technically feasible to
prevent its entry into drainage systems. Mechanical clean-
up may be accomplished by mechanical sweepers, front
loaders, or innovative equipment. Manual methods include
the use of shovels and brooms. Innovations and procedures
which improve the effectiveness of clean-up operations shall
be adapted, where they can be demonstrated as preventing the
discharge of solids. Those portions of the drydock floor
which are reasonably accessible shall be "scraped aor broomed
clean" (see Glossary) of spent abrasive prior to flooding.

After a vessel has been removed from the drydock and the
dock has been deflooded for repositioning of the keel and



BMP 3.

BMP 4.

BMP 5.

BMP 6.

BMP 7.

bilge klocks, the remaining areas of the floor which were
previously inaccessible shall be cleaned by scraping or
broom cleaning prior to the introduction of another vessel
into the drydock. The requirement to clean the previously
inaccessible area shall be waived either in an emergency
situations or wren another vessel is ready to be introduced
into the drydock within fifteen (15) hours. Where tides are
not a factor, this time shall be eight (8) hours.

0il, Grease, and Fuel Spills. During the drydocked period
oil, grease, or fuel spills shall be prevented from reaching
drainage systems and from discharge with drainage water.
Cleanup shall be carried out promptly after an oil or grease
spill is detected.

Paint and Solvent Spills. Paint and solvent spills shall be
treated as oil spills and segregated from discharge water.
Spills shall bke contained until clean-up is complete.
Mixing of paint shall be carried out in locations and under
conditions such that spills shall be prevented from entering
drainage systems and discharging with the drainage water.

~ Abrasive Blasting Debris (Graving Docks). Abrasive blasting

debris in graving docks shall be prevented from discharge
with drainage water. Such blasting debris as deposits in
drainage channels shall be removed promptly and as
completely as 1is feasible. In some cases, covers can be

placed over drainage channels, trenches, and other drains in {

graving docks to prevent entry of abrasive blasting debris.

The various process wastewater streams shall be segregated
from sanitary wastes. Gate and hydrostatic leakage may also
require segregation.

Segregation of wWaste Water Flows in Drydocks. The various
process wastewater streams shall be segregated from sanitary
wastes. Gate and hydrostatic leakage may also require

segregatione.

Contact Between Water and Debris. Shipboard cooling and
process water shall be directed so as to minimize contact
with spent abrasive and paint and other debris. Contact of
spent abrasive and paint by water can be reduced by proper
segregation and control of wastewater streams. When debris
is present, hosing of the dock should be minimized. wWhen
hosing is used as a removal method, appropriate methods
should be incorporated to prevent accumulation of debris in
drainage systems and to promptly remove it from such systems
to prevent its discharge with wastewater.



BMP 9.

BMP 10.

Maintenance of Gate Seals and Closure. Leakage through the
gate shall be minimized by repair and maintenance of the
sealing surfaces and proper seating of the gate.
Appropriate channelling of leakage water to the drainage
system should be accomplished in a manner that reduces
contact with debris.

Maintenance of Hoses, Soil Chutes, and Piping. Leaking
connections, valves, pipes, hoses, and soil chutes carrying
either water or wastewater shall be replaced or repaired
immediately. Soil chute and hose connections to the vessel
and to receiving lines or containers shall be positive and
as leak free as practicable.

Water Blasting, Hydroblasting, and Water-Cone Abrasive
Blasting (Graving Docks). When water blasting, hydro-
blasting, or water-cone blasting is used in graving docks to
remove paint from surfaces, the resulting water and debris
shall be collected in a sump or other suitable device. This
mixture then will be either delivered to appropriate
containers for removal and disposal or subjected to
treatment to concentrate the solids for proper disposal and
prepare the water for reuse or discharge.




SECTION III

INDUSTRY CHARACTERIZATION

shipbuilding and repair operations have been identified by EPA as a
division of the ship construction industry requiring consideration of
point source Adischarges which may require effluent limitation
guidelines. Specifically, graving docks and floating drydocks were
evaluated with respect to the potential contamination of receiving
waters by wastes generated by ship repair and discharged during
flooding of graving docks, immersion of floating drydocks, or with
drainage water and runoff.

An engineering evaluation of graving dock and floating drydock
operations was conducted to determine potential for generation of
wastes from shipbuilding and repair operations in graving and floating
Arydocks. The practicality of establishing numerical effluent
limitation guidelines was evaluated for drydocks. The evaluation was
accomplished by:

o Literature Research
o Contacting and visiting shipyards
o Observing ship repair operations and the applications of

methods designed to reduce or eliminate pollutional
constituents in effluents »

o sampling and analyzing discharge constituents

o Determining the feasibility of monitoring and sampling of
waste discharges from graving docks and floating drydocks

o . Evaluating the technology being utilized to treat or control
pollutant discharges, and determining what applicable

technology may be applied to minimize the discharge of
pollutants to receiving waters

There are eighty-four shipyards in the United States that utilize
graving and floating drydocks. Among the shipyards are sixty-eight

-graving docks and 151 floating drydocks. 1In the conduct of the work,

thirty-eight shipyards were contacted on the Atlantic Coast, Gulf
Coast, Great Lakes and Inland Waterways, and Pacific Coast to
determine which of the major shipyards are involved in minimizing
pollutant discharges by utilizing specific control methods. Seven
shipyards, referred to in the text by 1letters A through G, were
visited to observe operations and record data. Samples were taken
from the discharges from graving docks of two of these seven



shipyards, shipyards B and D. The samples were analyzed and the
constituent levels were evaluated with respect to the ship repair
operations being performed and the discharge control methods utilized.
The analyses were combined with other engineering data to establish
the degree of pollutant discharges, to define the nature of discharges
from ship repair operations, and to recommend effluent limitation
guidelines if practicable or alternatives to guidelines if necessary.

BACKGROUND - The Clean Water Act

The Federal Water Pollution Control Act Amendments of 1972 established
a comprehensive program to "restore and maintain the chemical,
physical, and biological integrity of the Nation's waters." Section
101(a) . By July 1, 1977, existing industrial dischargers were
reguired to achieve "effluent limitations requiring the application of
the best practicable control technology currently available® ("BPT"),
Section 301(b) (1) (A); and by July 1, 1983, these dischargers were
required to achieve "effluent limitations requiring the application of
the best available technology economically achievable ... which will
result in reasonable furtrer progress toward the national goal of
eliminating the discharge of all pollutants® ("BAT"), Section
301(b) (2) (A) . New industrial direct dischargers were required to
comply with Section 306 new source performance standards ("NSPS"),
based on best available demonstrated technology; and new and existing
discltargers to publicly owned treatment works (“POTWs") were sub ject
to pretreatment standards under Sections 307(b) and (c) of the Act.
While the requirements for direct dischargers were to be incorporated
into National Pollutant Discharge Elimination System (NPDES) permits
issued under Section 402 of the Act, pretreatment standards were made
enforceable directly against dischargers to POTIWS (indirect
dischargers) .

Although Section 402(a) (1) of the 1972 Act authorized the setting of
requirements for direct dischargers on a case-by-case basis, Congress
intended that, for the most part, control requirements would be based
on regulations promulgated by the Administrator of EPA. Section
304 (b) of the Act required the Administrator to promulgate regulations
providing guidelines for effluent limitations setting forth the degree
of effluent reduction attainable through the application of BPT and
BAT. Moreover, Sections 304(c) and 306 of the Act required
promulgation of regulations for NSPS, and Sections 304(f), 307(b), and
307 (c) required promulgation of regulations for pretreatment
standards. In addition to these regulations for designated industry
categories, Section 307(a) of the Act required the Administrator to
promuigate effluent standards applicable to all daischargers of toxic
pollutants. Finally, Section 6501(a) of the Act authorized the
Administrator to prescribe any additional regulations "“necessary to
carry out his functions" under the Act.

10



_-EPA was unable to promuljate many of these regulations by the dates
< “ontained in the Act. In 1976, EPA was sued by several environmental
./ groups, and insettlement of this lawsuit EPA and the plaintiffs

executed a "Settlement Agreement", which was approved by the Court.
This Agreement required EPA to develop a program and adhere to a
schedule for promulgating for 21 major industries BAT effluent
limitations guidelines, pretreatment standards, and new source
performance standards for 65 wpriority" pollutants and classes of
pollutants. See Natural Resources Defense Council, Inc. v. Train, 8
ERC 2120 (D.D.C. 1976), modified March 9, 1979.

Oon December 27, 1977, the President signed into law the Clean Water
Act of 1977. Although this law makes several important changes in the
Federal water pollution control program, its most significant feature
is its incorporation into the Act of several of the basic elements of
the Settlement Agreement program for toxic pollution control.
Sections 301(b) (2) (A) and 301(b) (2) (C) of the Act now reqguire the
achievement by July 1, 1984, of effluent limitations requiring
application of BAT for "toxic" pollutants, including the 65 "priority"
pollutants and classes of pollutants whichk Congress declared "toxic"
under Section 307(a) of the Act. Likewise, EPA's programs for new
source performance standards and pretreatment standards are now aimed
principally at toxic pollutant controls. Moreover, to strengthen the
toxics control program, Congress added Section 304(e) to the Act,
authorizing the Administrator to prescribe "best management practices"
("BMPs") to prevent the release of toxic and hazardous pollutants from
plant site runoff, spillage or leaks, sludge or waste disposal, and

- drainage from raw material storage associated with, or ancillary to,

the manufacturing or treatment processe.

In keeping with its emphasis on toxic pollutants, the Clean Water Act
of 1977 also revised the control program for non-toxic pollutants.
Instead of BAT for "conventional" pollutants identified under Section
304 (a) (4) (including biological oxygen demand, suspended solids, fecal
coliform and pH), the new Section 301(b) (2) (E) requires achievement by
July 1, 1984, of "effluent limitations requiring the application of
the best conventional pollutant control technology®" ("BCT"). The
factors considered in assessing BCT for an industry include the costs
of attaining a reduction in effluents and the effluent reduction
benefits derived compared to the costs and effluent reduction benefits
from the discharge of publicly owned treatment works (Section

~304(b) (4) (B)). For non-toxic, nonconventional pollutants, Sections

301(L) (2) () and (b) (2) (F) require achievement of BAT effluent
limitations within three years after their establishment or July 1,
1984, whichever is later, but not later than July 1, 1987.°

11



SUMMARY OF METHODS USED FOR DETERMINING THE PRACTICALITY OF EFFLUENT
LIMITATIONS GUIDELINES AND STANDARDS OF PERFORMANCE

The recommendations and standards of performance proposed herein have
reen developed in the following mannere.

Industry and Waste Load Categorization

The industry was first studied to determine whether or not separate
limitations and standards would be required for different divisions
within the category. Factors considered included the nature of the
physical facilities involved, the types of activities performed,
processes within each activity, and materials used.

Raw waste characteristics were then identified. This included
analyses of (1) the sources and volumes of water required in each
process, (2) non-process related sources of wastes and wastewaters,
ani (3) the components potentially present in wastewaters.

Wastewaters originating from the vessel in drydock included sanitary
wastes and cooling water. (Sanitary wastes are not included in the
scope of this document). Dock originating wastewaters were identified
as gate and dock leakage, rainfall, water from occasional wet blasting
operations, and water used in flooding the drydock for docking and
undocking of the vessels.

The major concern with respect to potential pollution problems was .
identified as spent paint and abrasive blasting material. Hull
cleaning practices were found to vary within each yard contacted, and
the magnitude of this potential problem likewise varies.

Pecommendations for reducing or eliminating potential environmental
hazards have been based upon information obtained in the course of
this effort, prior work performed by other organizations, and
literature available as reference material.

Treatment and Control Technologies

The range of control and treatment technologies within the industry
was identified. Included were both treatment technology and operating
practices. Applicability and reliability of each treatment and
control technology were investigated, as was the required time for
implementation. In addition, environmental impacts of such
technologies upon otker pollution problems, such as air and solid
waste, were identified. -

12



Engineering data was obtained from a number of sources including EPA
and U.S. Navy research information, EPA, Navy and State environmental
personnel, trade associations, published literature, qualified
technical consultations, and historical information on effluent
guality and quantity. In addition, on-site engineering visits and
analytical programs were conducted at specific shipyards and other
shipyards were contacted for information. Table III-1 describes the
extent of this shipyard information acquisition program. NPDES permits
and water pollution control plans for these facilities were reviewed.
results of monitoring required under the permits were of value when
samples were taken at outfalls directly related to drydock operation.

Table III-1

SUMMARY OF SHIPYARD INFORMATION
ACQUISITION PROGRAM

Total in
Category No. Contacted Visited
of Docks (No. No. of Docks No. of Docks
Category of shipyards) {(No. of Shipyards) (No. of Shipyards)
Graving Docks
East Coast 39 (14) 15 ( 6) 5 (2)
Great Lakes 8 (5) 8 (95) 2 (1)
Gulf Coast 3 ¢ 3) 0 ( 0) 0 (0)
West Coast 18 ( 5) 12 () 4 (2)
Total 68 (27) 35 (15) 11 (5)
Floating Drydocks
East Coast 58 (21) 29 ( 8) 3 (1)
Great Lakes 7 ( 3) 7 ( 3) 0 (0)
Gulf Coast 36 (21) 13 ( 6) 2 (1)
West Coast 50 (23) 30 (11) 4 (2)
Total 151 (68) 79 (28) 9 (4)

previous work has been performed by others in an effort to
characterize and limit discharges from shipyard activities. One such
study by Hamilton Standard Division of United Technologies, Inc.,
recommended clean-up techniques rather than effluent limitations
(Reference 1). : :
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other studies have been performed in an effort to facilitate issuance
of NPDES permits. The EPA Office of Enforcement, Denver, Colorado
conducted studies of San Diego and Newport News harbors. On the basis
of its findings, housekeeping measures were recommended, primarily to
prevent contact between water and spent abrasive and paint blasted
from the vessels (Reference 2).

various leaching studies have been performed to determine whether or
not spent paint and abrasive are leachable. Section V discusses the
results of these studies. These previous efforts have been considered
in the current worke.

Cost information was obtained directly from industry during shipyard
visits, from engineering firms, equipment suppliers, and from the
literature. These costs have been used to develop general capital,
operating, and total costs for each treatment and control method.
This generalized cost data was used to estimate the costs of Best
Management Practices in Section VIIiI.

Selection of Facilities

From the total population of drydocking facilities thirty-eight were
contacted by telephone to obtain information on practices and
operations, seven were visited by project personnel, and of the latter
group two were selected for sampling of wastewater during operations.

Shipyards contacted by telephone were located in all geographic areas
of the continental United States. visits were conducted to yards
located on the East, West, and Gulf Coasts, and on the Great Lakes.
sampling was conducted on the East and West Coasts.

GENERAL DESCRIPTION OF INDUSTRY

Activities Carried out At shipyard Facilities

The shipbuilding and repair industry is engaged in building,
conversion, alteration, and repair of all types of ships, barges, and
lighters. These activities encompass a broad range of functions, such
as: erection of structural steel frameworks and fastening steel plates
to the framework to form a hull; application of paint systems to hull;
installation of a variety of mechanical, electrical, and hydraulic
equipment within the structure; repair of damaged vessels: replacement
of expended or failed paint systems; and restoration of malfunctioning
equipment and systems to operational condition. Typical of the trade
skills involved in this industry are: shipfitters; metalsmiths;
welders and burners: machinists; electricians and electronic
technicians; pipefitters and coppersmiths; carpenters, joiners and
patternmakers; painters; riggers and laborers: blacksmiths;
boilermakers; and foundrymen. Not all of the listed activities,
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_functions, or trade skills are utilized at every facility. Some of

C

‘he functions require placing the ship into drydock, e.g., replacing
snderwater paint systems. Only those facilities providing drydocking
capabilities are covered in this document.

Graving Dock Description

Graving docks are constructed with sides and a bottom and with a gate
at the water end. The bottom is located Dbelow the adjacent water
surface level with sufficient depth to allow floating of a vessel into
the dock. Operations consist of positioning keel blocks on the bottom
of the dock to match the keel surface of the ship, flooding the dock
by opening valves, opening the gates, positioning the vessel over the
keel blocks, closing the gates, and pumping the water out of the
graving dock. During maintenance operations, the graving dock is kept
Ary Ly sump or stripping pumps which remove fluids and water by
providing suction through drains located at low points in the dock.
After completing operations on the vessel, the dock is flooded, the
gates are opened, and the vessel is floated out of the dock. The
gates to the graving dock are closed and the water is pumped out to
make preparations for receiving another vessel, or, if identical
vessels are being maintained, the next vessel is moved into the dock
orior to removing the water.

Graving docks are usually constructed of concrete although they may
occasionally be of timber or steel sheetpile cell construction.
"igure III-1 illustrates typical cross section and plan views of a

" :oncrete graving dock and includes the designations of drydock

features.

The preferred method of entrance closure is by floating caisson.
other available types of closure are: miter gates, flap gates, set-
in-place gates, sliding caissons and rolling caissons. Floating
caissons are watertight structures with flooding and dewatering
systems for operation. For design of hull, floating stability, and
all operational purposes, they are symmetrical both transversely and
longitudinally. Miter gates were probably the first satisfactory
mechanical gates. Each closure consists of a pair of gate leaves,
hinged at the dock walls, swinging horizontally so that when closed,
the free ends meet in fitted contact. Gates are moved by means of a
hawser to a nearby power capstan. The sides and bottoms of the gates
bear against seats in the drydock walls and floor. A flap gate is a
rigid, one-piece gate hinged at its bottom, and swinging downward and
outward. It is a compartmented structure with means for varying its
bouyancy for raising and lowering. Set-in-place gates are in various
forms, and may be built in one piece or multiple sections. They are of
beam and plate construction, with reactions carried to the walls by
girders and to the floor by beams. Sliding caissons and rolling
caissons are built-in box shapes, mounted on hardwood sliding surfaces
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or metal rollers which move them into or out of place. They may be

equipped with air chambers for bouyancy which reduce the work of
moving.

There are three general methods used for admitting water into graving
docks. These methods are: - (1) through culverts built into the lower
parts of sidewalls and connected to floor openings spaced along a dock
length, (2) through culverts passing transversely under the floor near
the entrance with openings leading upward into the floor, or 3)
through ducts in an entrance closure caisson.

Graving docks have two dewatering systems. The collector channel, a
wide, deep, grating covered open culvert leading to the pump suction
chamber, handles the greater portion of water pumped out of the
flooded graving dock. Installation of a settling basin may be
justified because abrasive materials harmful to pumps and pump
fittings may be washed off a graving dock floor into the pumping
system where damage may result.

The main dewatering system of a drydock usually includes: (1) the
suction inlet located within the dock chambers; (2) the suction
passage and culvert; (3) pump suction chamber; (#) pump suction
bells; (5) pumps; (6) disctarge, check, and gate values; (7) discharge
culvert including backwash trash rack; and (8) hinged stop gate.
Where pumping plants are designed to remove water from more than one
dock, additional sluice gates are required to permit independent
pumping of the docks. At least two main dewatering pumps are usually
required to achieve reasonable dewatering times.

A secondary system collects the last few inches of water blanketing
the graving dock floor. This system has sloping longitudinal floor
Arain culverts near the sidewalls which lead to collector channels at
pump wells. The culverts may have rectangular cross-sectional areas
of several square feet. They are covered by securely anchored strong
gratings. Drainage and sump pumps, of lesser capacity than the main
dewatering pumps, are provided to remove seepage, precipitation,
caisson and valve leakage, and wash water, and to clear the dewatering
pump suction chamber and drainage system.

Ships in graving docks do not ordinarily £ill all their own
requirements for mechanical services essential for work, habitation,

- comfort, and protection. Some services, particularly those required

for repairs and cleaning associated with the docking operations, must
be supplied from dockside facilities. Such services include the
delivery of steam, compressed air, water, systems for tank cleaning,
and oxygen and acetylene or electricity for weldinge. Utility services
are provided to ships in drydock by 1lines from service galleries
located around the upper perimeter of the dock. The drydock also has
a tank cleaning system. Means must be provided to keep a docked
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vessel far enough above the floor to permit work on its keel, giving
proper allowance for removal or installation of sonar domes, rudders,
propellers, and similar parts. Blocking arrangements are laid out in
the dock in accordance with the docking plan for each individual
vessel. Keel tlocks are placed under the longitudinal centerline keel
of the vessel. Bilge or side blocks are located according to
dimensions indicated in the table of offsets on the vessel's docking
plan. In some cases, block slides are built into the dock itself. 1In
addition, such supporting facilities as industrial shops,
transportation facilities, weight and materials handling equipment,
personnel and storage facilities are normally located in close
proximity to drydocks.

Floating Drydock Description

As implied by its name, a floating drydock floats on the water with
the bottom of the drydocked vessel above the water surface. The
floating drydock is a non-self-propelled mobile structure. The
floating drydock consists of a platform and associated ballast tanks
used to raise ships above the water 1level for work which regquires
exposure of the entire hull. Ballast tanks are flooded and the dock
platform is submerged to a predetermined level beneath the water's
surface. A ship is then moved over the dock and positioned over
preset keel and bilge blocks on the floor of the dock platform. This
position is maintained as the ballast tanks are dewatered. Dewatering
the ballast tanks lifts the ship and drydock platform floor above the
surface of the water (Peference 4).

The following discussion of the sinking and refloating procedures
along with a schematic representation of the action is quoted from
Appendix A of Reference 4.

"Many different types of floating drydocks have been developed.
The specific characteristics of the various types differ
considerably as a consequence of the different requirements
dictated from considerations of technical, operational, or
strategic nature. However, the basic general features and the
related terminology are, more or less, the same for all types of
docks.

*Figure III-2 illustrates the various parts of a typical floating
drydock. The nomenclature used in the figure is standard.

*The lower, horizontal portion of a U-shaped trough which forms
the dock structure is called the pontoon. The top of the
pontoon, the pontoon deck, forms a platform on which are three or
more rows of blocks which support a ship when docked. The
pontoon constitutes the main platform for the work to be
performed on the docked ship. 1In order to increase the working
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rlatform, cantilevered extensions, outriggers, are fitted at the
ends of the pontoon deck. The outriggers do not bear any part of
the ship's weight, but are particularly convenient for setting up
staging around the ends of a long ship.

'‘Above the two sides of the pontoon stand the side walls. The
side walls extend vertically to form, with the pontoon, the U~
shape of the dock trough. The top of the side walls is
sufficiently high as to be afloat when the dock is submerged to
receive the largest ship it is capable of docking. The side
walls usually extend to the full length of the docke. The top
deck of each side wall provides the necessary equipment and
working space for handling the ship's docking 1lines. Gantry

cranes required for handling material travel on tracks along the
length of the top decks.

'Flying bridges are often installed at one or both ends of the
top decks, to provide personnel passage between the top decks.
They consist of hinged cantilever arms, which can be swung open
to permit the ship to enter or leave the docke.

'Most of the space contained within the pontoon and side walls is
utilized as ballast tanks. The admission of water to or its
removal from these spaces creates the forces that cause the dock
to submerge or rise. The remaining space consists of chambers
which keep the dock afloat and their size determines the limit to
which the dock will submerge when all ballast tanks are full.
Spaces, termed buoyancy chambers in the pontoon and the safety
compartments in the wing walls, serve this purpose. These
buoyancy chambers, not being subject to flooding, may also be
utilized to accommodate machinery, equipment, personnel quarters,
mess rooms, workshops, and stowage spaces.

'*The larger floating drydocks are sectionalized to facilitate
movement overseas and to render them capable of self-docking.
They can transit the Panama Canal.

*one type of floating drydock, the closed basin, ARD type,
differs somewhat in design and operation from the other docks.
The forward end of the dock is closed by a structure resembling
the bow of a ship; the aft end is opened and closed by operation
of a stern gate. Lift forces are provided by emptying the
ballast tanks and by emptying the dock basin.

*Figure III-3 shows typical inside and outside water levels for a
complete docking cycle."
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shipyard Practices

This section is limited to discussion of those operations normally or
most frequently performed in drylock with full recognition that almost
the entire range of activities listed in "Activities Carried Out at
Shipyard Facilities" above are available and may on occasion be
required. The basic functions of a drydock are the construction and
repair of ships and the cleaning, and painting of ships' bottoms,
propellers, rudders, and the external parts below the water line.

Drydocks provide access to the ship's bottom and utilities services to
shipyard personnel. Drydocks supply gas, electricity, steanm,
compressed air, fresh water, and salt water to the ship in drydock
from lines attached to or embedded in the drydock. Processes involved
in drydocking include docking, undocking, tank cleaning, abrasive and
chemical paint removal, painting and mechanical repair of various
ships' parts. Mechanical repairs of machinery, welding, cutting of
plates, and alterations of a ship's structure are other functions
performed in drydock (Reference 5).

Tank cleaning operations remove dirt and sludges from fuel tanks and
bilges on the ship. Workmen spray detergents, or hot water, into the
emptied tanks by injecting cleaners into the steam supply hoses.
Spent wash water in the tanks is pumped by Wheeler (TM) machines,
which are combination pumo and storage tank units, into tank trucks or
barges for subsequent disposal (Reference 5).

The almost universally preferred method of preparing steel surfaces |
for application of a fresh paint system for saltwater immersion is dry

abrasive blasting. For solely freshwater immersion, light
hydroblasting (a water sweep) may be adequate to remove loose, flaking
or non-adhering paint in preparation for refurbishing paint systems.

with the exception of the closed-cycle blast machines being currently
being developed and evaluated, all blasting presently carried out
within drydocks is done manually. Three manual blasting methods are
used within drydocks, and the characteristics of the debris produced
by each method are markedly different.

Dry abrasive blasting is a process by which the blasting abrasive is
conveyed in a medium of high pressure air, through a nozzle, at
velocities approaching 450 feet per second. This type of blasting
produces the highest relative amount of dust, and resulting residues
are dry. Dry blasting is used for virtually all tank interior work
and extensively on exterior hull work (Reference 6)e

The two other manual blaéting methods are wet abrasive blasting in
which water replaces air as the propellant and water cone blasting in
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which a spray of water surrounds the air driven abrasive streams
(Reference 7).

Orcanotin antifouling paints may produce toxic dust if subjected to
dry blasting. Thus, wet blasting techniques are used when removing
these paints (Reference 6). Wet oOr slurry blasting is also used in
cleaning special underwater equipment, such as resin-constructed sonar
domes, to protect them from damage (Reference 8). Wet blasting
procedures significantly reduce dust occurrence. A rust inhibitor may
be added to the water or slurry to prevent rusting of surfaces before
painting. Rust inhibitor solutions may vary but usually will be
composed of diammonium phosphate and sodium nitrite along with the
abrasive grit and water.

An abrasiveless method of blasting using jets of high pressure water,
hydroblasting, has been demonstrated for some purposes. Generally,
this will only remove surface debris and loose or flaking paint. EBy
going to very high pressures, on the order of 10,000 psi, adhering
paint can be removed to bare metal. Hydroblasting is rarely used in
shipyard operations.

Plasting practices were found to vary widely between facilities. Many
factors influence this, some of which are discussed later in this
section. Table III-2 summarizes the blasting practices used in
shipyards visited during the conduct of this study. Type of blasting,
frequency of occurrence, amount of paint removal, and blasting medium
are qualitatively indicated, as are the type and number of docking
facilities.
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Table III-2

ABRASIVE BLASTING

Usual Amount Blasting
Ship- Facilities Type of Frequency of Medium#
yard FD GD Blasting Paint Removal
A 3 1 Dry Usually Usually to camel
Bare Metal Black
B 0 5 Dry Usually Depends on Black
Vessel, Sand Beauty
Sweep to
Bare Metal
C 0 2 Dry - Rarely None NA
D 2 3 Dry, Also Usually Usually to Kleen
Closed Cycle Bare Metal Blast
E 0 1 Dry ~ Usually Depends on Kleen
Vessel Blast
F 0 2 Dry Rarely only for Black
Repair Work Beauty
Campbell
Black #2
3 2 0 Dry Usually Depends on sand
Vessel, Never Blast

to Bare Metal

*By trade name.

FD = Floating Drydock, GD = Graving Dock, NA = Not Applicable
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Of the seven facilities visited, none uses wet blasting routinely and
only one indicated its use on rare occasions. Shipyard F uses
abrasive blasting only in conjunction with repair work such as
welding.

There are two techniques in use for dry abrasive blasting. The first,
generally known as "sand sweep," is frequently used on commercial
vessels to remove marine growth, fouling and delaminating coatings
only in preparation €for refurbishment or renewal of paint systems.
The second, more freguently used on naval vessels, removes marine
growth, fouling, and all paint down to "white metal® and abrades the
metal substrate to provide a suitable surface for adherence of a
complete fresh coating system.

The following procedure guoted from Reference 9, describes the entire
cycle of abrasive blasting. It applies equally well to dry or wet
abrasive blasting except for addition of water at the appropriate
point in the cycle. It should be noted that the full cycle is not
carried out at all shipyards - e.g., some facilities have the grit
delivered to their site in the hoppers from which it flows into the
pressure pot.

"Procedure

o Abrasive is delivered in large quantities as a free £flowing
material by covered railway hopper car or dump truck.

o Abrasive is transferred from shipping unit to storage areas
by allowing abrasive to flow from shipping unit onto
conveyer belts that dump it into forklift hoppers or
directly into storage bins. Usually, abrasive storage will

be covered by a permanent structure or temporary covers
(canvas or plastic tarpaulin).

o wWhen abrasive is required, large hoppers, in excess of 6-ton
capacity, are loaded by scoop tractor or vacuum loaders.
when full, these hoppers are transferred to the job site by
forklift truck.

o Abrasive from these hoppers is transferred into the pressure
pots, usually by gravity feed.

o Finally, the abrasive is propelled from the sandblast nozzle
by compressed air to forcibly impinge on the surface being
cleaned.

o Spent abrasive, paint particles, fouling organisms, and

other debris fall to the drydock floor.
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o The debris from the sandblast operations is picked up by
scoop tractors, hand shovels, and/or other method for
transfer to hoppers or skip boxes.

o In some shipyards, spent metallic abrasive is reclaimed and
reused, but abrasive contaminated with antifouling paint is
discarded in designated landfill areas."

The abrasive may be either metallic or nonmetallic. Practically all
blasting is done with certain by-product mineral abrasives which are
low in free silica content. The specification (Reference 10) used by
naval shipyards purchasing grit allows a maximum of 5 percent free
silica content. The constituents of abrasive blast materials
currently in use by U.S. Naval sShipyards are shown in Table III-3.
Rationales of naval shipyards for purchasing particular abrasives
include: low free silica content; less dusting; performance;
availability; and price (Reference 8). Commercial facilities use the
same or similar materials for like reasons.

Ships in drydock may be painted internally, on the hull and on the
superstructure. Because the painting of the superstructure does not
require a dry hull and because drydock availability is limited and
expensive, superstructures are frequently painted while the ship is at
berth or at sea. The bulk of painting activity in a drydock is on "a
ship's hull and internal fuel and water tanks. Anchor chains, anchors
and portable ships' machinery are frequently placed on wooden pallets
in the drydock for painting. Paints applied to protect metal from
corrosion or fouling are sprayed onto most surfaces although painting
of irregularly shaped objects such as chains is sometimes performed
with brushes. Occasionally paints are applied to flat or gently
curving surfaces by roller.

There are two kinds of paint spraying equipment in use. One uses a
stream of compressed air to convey the paint from container to surface
being painted. A newer method rapidly increasing in use employs
hydrostatic pressure to convey the paint. It is claimed that airless
paint spraying is more efficient because of very low paint loss due to
drift or overspray. Almost all of the paint is applied to the
intended surface. Estimates of losses due to drips, spills, and
overspray range from 1 to 2% for airless paint spraying. Observations
during shipyard visits of spills while mixing, noticeable overspray
from airguns, and concentrations of droplets on the surface of water
running through drainage gutters generates more confidence in the
higher than in the 1lower figure. Occasionally, €£lowing water is
purposefully used to carry spilled paint into drainage gutterse.

Anticorrosive and antifouling paints are typically used on ships in

drydocks. To these paints may be added differing pigment materials
such as lampblack, red iron oxide, or titanium dioxide to achieve a
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Table 111.3.

CONSTITUENTS OF ABRASIVE B.AST MATERIAL

AT NAVAL SHIPYARDS

CONSTITUENTS % B

WEIGHT (SEE NOTE)

Y
Aad
FAZILITY 8| 8| S| 5| u S ol s
=< = - o

| 2| 2| 2| =| Bl Bl ols| gl 5|2
AZRASIVES St Bl 2 2l gl 5123 3| 2|12 2l 2128 =

zZ] o) =1 | = =4 a -~ gruuu. pow)

E| 2| 2| 5| &| 2|83 8| || £| 2| &2 £
PORTSMOUTH
BLACK DIAMOND 28 16.14 21 11.1 43 .95 .04 151 .17
PHILADELPHIA
POLYGRIT 42 121.031 11 2 1117 .7 1 13
HNORFOLK
Back seauty f3s | 4] 2l23] 1] 1134
CHARLESTON
SAF-T-BLAST |28 21 50 1
LONG BEACH
KLEEN BLAST {19 19 912.9 48 1.1 .22
MARE ISLAND
GREEN DIAMOND} 23 | .6 1] 23}1.05 {52 .04 L3 101
PUGET SOUND
SLACK DIAMOND} 17 22 1.7 9 3.2 j36}(.6].5 12
ROCK-WOOL 16 26| 2 9 3] 1 J391}.2}].5 4

SLAG

PEARL HARBOR
3LACK DIAMOND}19 19 9 3 48 1.1 .22
LUAM
ISRZEN DIAMONDI23 | .6 14 23].05]52 .04 .3 Lol

KOTE:

Totals may not equal 100 due to rounding off.

Since percentages vary

between lots, these values are approximations of the average.
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Formula No.

117
Anti-corrosion

119
Anti-corrosion

121
Anti-fouling

129
Anti-fouling

1B30
1B29
1827
150
151
152
153

154

155

Anti-corrosive

1020A
Anti-fouling

Table III=-4.

Mil. Spec. No.

'Mil.P-15328

Mil.P-15929

Mil.P-15931

Mil.P-16189

Mil.P-24441

Composition

Polyvinyl-butyral resin
zinc chromate
Magnesium silicate
Lampblack

Butyl alcohol

Ethyl alcohols
Phosphoric acid

Water

Rod Lead
Vinyl resin
. vinyl chloride

vinyl alcohol

vinyl acetate
Tricresyl Phosphate
Methyl Isobutyl Ketone
Toluene

Cuprous oxide

Rosin

Vinyl resin
Tricresyl phosphate

" Methyl Isobutyl Ketone

Xylene
Anti-settling agent

Cuprous oxide
Lampblack

Rosin

vinyl resin

Tricresyl phosphate
Methyl Isobutyl Ketone
Xylene

Antisettling agency

Thixatrope

Polyanide

Polyamide adduct

Magnesium silicate

Titanium dioxide

Butyl alcohol

Copper phthalocyanine
blue

Yellow iron oxide

Red iron oxide

Epoxy resin

Naptha

Diatomaceocus silica

Lampblack

Vinyl resin

-bis (Tributyltin) oxide

Tributyltin fluoride

Carbon black

Titanium dioxide

Ethylene glycol mono-
ethyl ether acetate

Normal prepanol

Normal butyl acetate
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COMPOSITIONS OF FORMULA PAINTS

1b/100 gal

S6
54
8

0.

125
482
28
25

220
145

295

to

161

€

320
600
600
304

500
300
586
258
150
18

38.3

19.
70

28
102
400

4
2

gal/100 gal

6.10
1.59
0.35
0.04
18.40
70.70
2.0
3.0

2.9
12.8

1.5
43.8

27.40
23.07
4.69
4.92
23.88
15.42
0.62

21.62
4.50
19.83
3.84
3.93
28.92
17.42
0.64
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particular decorative or camouflage effect. Table III-4 presents the
chemical composition of the most commonly used external hull paints on
navy ships.

The anticorrosive paints are either vinyl or vinyl and lead based, or
are of the newer epoxy type which is slowly supplanting the vinyl and
vinyl-lead paints. Substantial quantities of both types of paints are
being used - in shipyards, with some epoxy paints of unknown exact
compositions being suoplied by manufacturers but having
characteristics essentially similar to the Navy standard formula.
Poth types of paints will be removed by akrasive cleaning methods.

Antifouling paints are designed to prevent growth and attachment of
marine organisms on hulls of ships by releasing minute quantities of
toxic substances in the immediate vicinity of the hull surface.
Covper-based paints using cuprous oxide have been the standard for
many years (keference 5). The use of organotin paints is very recent,
but growing. Tributyl tir fluoride (TBTF) and tributyl tin oxide
(TBTO) are the principal toxicants. Table 1III-5 identifies some
orgarnotin antifouling paints commercially available.
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Table III-5

COMPOSITIONS OF ‘\:>

ORGANOTIN ANTIFOULING PAINTS

Identification

M.I. Formula 1020A
Devran MD-3198
Amercoat 1795
Tarset 305

Andrew Brown Colortox
(Brolite Z-Spar)

M.I. Formula 1010

M.I. Formula 1028
Biomet

M.I. Formula 1011
Devoe XM-075
Pustkan VY-5529
Glidden No-Cop AF

International Tri-lux 40

contents
Vinyl/TBTO/TBTF
Vinyl/TBTF
Vinyl/TBTO
Coal tar epoxy/TBTA
Vinyl/TBTF
Vinyl/TBTO/ 10, 10t -0oxybis-
ohenoxarsine
vinyl/rosin/TETF/Cu,0
Vinyl/TBTF
Vinyl/TBT neodecanate/TBTF
Epoxy/Cu,0/TBTO ; i>
Vinyl/TBTF N
Vinyl/TBTO

Vinyl/TBTF

(wide spectrum AF, Mark I)-

International Tri-lux 68

Vinyl/TBTF

(wide spectrum AF, Mark IT)

Note: TBTO
TBTF

Reference 11

Tributyl Tin Oxide
Tributyl Tin Fluoride
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The industrial operations carried out in drydocks result in
considerable amounts of debris collecting on the dock floor. This
debris consists of:

o Marine organisms removed from the hull by washing or
blasting
o Spent grit from abrasive blasting (whether wet or dry)

o old paint particles, flakes, and chips abraded from the hull

o Rust particles and flakes abraded from the hull

o Fresh paint dripped, spilled, or oversprayed onto the other
debris during application to the hull, machinery, or
equipment.

These materials have constituents that are potential pollutants to
adjacent navigable waters. In addition to the pollution potential,
the dekris is a hindrance to further industrial operations in the
drydock, a wear bhazard to dewatering and drainage pumps, a weight
addition to floating drydocks, and an inconvenience to people who
must work in the dock. 2ll shipyards clean up and remove the debris
but there is wide variation in the frequency, technigue, and
thoroughness.

In addition to ship repair and maintenance practices, other factors
can affect the kind and amount of wastes generated in drydock. During
the conduct of this study it was established that wide differences
exist between practices at shipyards and between conditions existing
at each yard. These differences also influence the waste load
generated. Among the factors noted as having impacts upon waste
generation are:

o Location - fresh vs. saltwater

o Type of ships serviced

o Extent‘of utilization and time of stay in dock
o Type of facility, configuration, and age

o Clean-up practices

Table TIT-6 summarizes, for facilities visited, factors relevant to
the drydock location which bear upon the quantity and type of waste.
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Ship-
yard
A

B

G

Location
East Coast

East Coast

West Coast
West Coast

West Coast

Great Lakes

Gulf Coast

Table III-6

LOCATION FACTORS

Type of

water at
Facility
Rrackish

salt

Salt
Salt

Salt

Fresh

Fresh

Climate
Moderate

Moderate

Moderate
Very Dry

Very Dry

Moderate

ANet

32

Predominant Predominant
Vessel Type of
Service Vessel
Ocean Commercial
Ocean Commercial

¢ Naval
Ocean Commercial
Ocean Naval
Ocean Naval &

Commercial
Inland Commercial
Inland Commercial
& Ocean
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The facilities located in the Great Lakes and Gulf Coast areas were
both on river sites. The Great Lakes yard, however, services only
inland waterways vessels while the Gulf Coast yard services both ocean
and inland vessels. All other yards which were visited service
predominantly oceangoing vessels. Also shown in Table I1I1I-6 are the
ownership, commercial, or naval, of the ships predominantly serviced.
The two factors, ocean vs. inland, and naval vs. commercial, have a
major influence on the operations in the dock and the wastes produced.
Oceangoing vessels generally require antifouling paints while
freskwater vessels as a rule do not. Thus, antifouling paints are
removed from oceangoing vessels when repainting is needed. This does
not occur in strictly freshwater operations.

The seven facilities visited included two on the West Coast, three on
the East Coast, one on the Gulf, and one on the Great Lakes. Of these
seven, two facilities had freshwater locations, four had ocean
locations, and one was located on an internal body of water. Two
facilities were naval and the balance were commercial. Finally, the
age and condition ranged from over fifty years and poor to one Yyear
and excellent.

Naval vessels enter drydock for extensive maintenance. During the
course of this maintenance, the antifouling and anticorrosive paints
are removed to bare metal. Extensive paint removal is not usually
practiced on commercial vessels. In general, freshwater commercial
ships may receive no blasting prior to repainting, while naval vessels
are completely refurbished from bare metal. Thus, larger quantities
of spent paint and abrasive usually result from work on naval vessels
than from commercial ships.

A number of other factors act to create differences in drydocking and
service practices between naval and commercial vessels. Commercial
vessels customarily are drydocked annually or biennially for
inspection. puring trese drydockings, hull repainting may be
undertaken; however, due to the short period between drydockings,
paint deterioration may not be severe and fouling may be minimal or
moderate. 1In addition, commercial vessels are usually on the move and
this reduces the amount of fouling which can occur. Naval vessels are
drydocked on a routine basis at intervals of up to five years or more.
Hull preparation and painting must be designed to provide protection
for that period, thus cleaning to bare metal and the use of higher

"levels of toxicants in antifouling paints than for commercial vessels

is customary. Since naval vessels spend much time in port or at
anchor, the potential for fouling is more severe than if they were
undervay.

Utilization of the drydocking facilities is another factor which

influences the total waste generated. vards contacted indicated
utilizations ranging from 30 percent to 100 percent. A drydock which
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is used infrequently or intermittently has less total discharge than
one operating on short turnaround service at a high rate of
utilization. Facilities used for new construction usually are
occupied by the activity for periods in excess of a year. In this
case, not only is the nature of the operation less productive of waste
(no spent paint to blast off the hull) but flooding occurs only at

launch, once per ship. Table III-7 summarizes drydock utilization for
yards contacted and visited.
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Table III-7
UTILIZATION OF DRYDOCKING FACILITIES

Percent Utilizationt

0- 1-50 51-70 71-90 >90
Facilities Visited
Graving Docks 2 0 2 2 2
Floating Drydocks 0 0 3 5 2
Facilities Contacted
Graving Docks 2 7 2 5 4
Floating Drydocks 6 13 6 20 1
Building Basins?2 2
Totals
Graving Docks 4 7 4 7 6
Floating Drydocks 6. a3 9 25 3
TOTAL 10 20 13 32 9

tInformation not available: Graving Docks, 8:

Floating Drydocks, 20.
2Not included in totals.
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Geographic factors can have a major influence on wastewater from
drydocking facilities, especially from graving docks. Facilities
located in regions of 1low rainfall do not have the problem of
rainwater wetting the dock floor. This is true for both floating and
graving docks. Thus, in those regions spent paint and abrasive can
usually be removed dry. sraving docks are frequently subject to
aroundwater flows into the dock basin. This problem can be critical
in some docks, while for others, it does not exist. Unless provisions
are made to confine and remove rainfall and groundwater (hydrostatic
relief water), waste may be carried from the dock with the dewatering
flowse.

The age and type of construction of the drydock can have an effect on
the control of waste. oOlder docks, both floating and graving, tend to
be constructed with raised slides for bilge blocks. These produce a
series of wide channels, usually six to ten feet wide, extending from
the dock center line to the side. Debris from work in the dock
collects in these channels and cannot easily be removed. Newer
construction has favored flat dock surfaces, with keel and bilge
blocks being moved by cranes. Debris can be more easily removed from
docks of this construction. Facility size varies considerakbly. For
graving docks this influences the volume of harbor water introduced
during flooding and subsequently removed during dewatering. Floating
drydocks, during sinking and refloating, are exposed to the normal
flow of the body of water in which they are located, and actual
contact of water with the floating dock may be many times the volume
of water needed to flood a similarly sized graving dock. Table 1III-8
1ists dock sizes and approximate volume (without vessel occupancy) for
graving facilities contacted during this study.
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Table III-8

GRAVING DOCK LENGTHS AND WATER VOLUMES

Length of Dock, Meters, (Feet) Approximate Dock
Volume, No Vessel,
<122 122-183 183-244 244-305 >305 Million Cubic Liters,
(<400) (400-600) (600-800) {800-1000) {>1000) (Million Gallons)
X 3.8 (1.0)
X ‘ 13.2 (3.5)
X 13.2 (3.5)
X 20.4 (5.4)
X 21.2 (S. 6)
X 21.6 (5.7)
X 23.8 (6. 3)
X 26.9 (7.1)
X 27.3 (7.2)
X 28.0 (7.4)
X 28.4 (7.5)
X 32.9 (8.7)
X 4.1 (9.0)
X 39.0 (10.3)
X 42.2 (11. 2)
X 57. (15. 1)
X 57.2 (15. 1)
X 58.3 (15. 4)
X 59.8 (15. 8)
X 70.8 (18.7)
X 73.4 (19.4)
X 73.8 (19.5)
X 79.9 (21. 1)
X 92.2 (24. 1)
X 111.3 (29.4)
X 143.8 (38.0)
X 173.4 (45.8)
X 177.1 (46.8)
X 190.4 (50. 3)
X 213.1 (56.3)
X 244.1 (64.5)
X 244.9 (64.7)
Totals:
1 9 1 3 8
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SECTION IV

INDUSTRY CATEGORIZATION

INTRCDUCTION

In the development of effluent limitations guidelines and recommended
standards of performance for new sources in shipbuilding and repair
drydocking operations, consideration should ke given to whether the
industry can be treated as a whole in the establishment of uniform and
equitakle guidelines or whether there are sufficient differences
within the industry to justify its division into subcategories. For
the shipbuilding and repair industry, the following factors were
considered as possible justification for industry subcategorization:
dockside and shipboard activities, facility age, salt vs. freshwater
facilities, climate, and types of dock. After review, only salt vs.
freshwater, and type of dock (graving docks and floating drydock) were
found to have distingquishable characteristics.

INDUSTRY SUBCATEGORIZATION
Althouch there exist distinguishing characteristics, this document

will apply to all types of docks with consideration given to site
specific differences. Quantitative effluent guidelines, however,

" cannot be established at this time for drydocks because the nature of

the discharge is not conducive to numerical monitoring.

There are such a wide range of dockside activities, nearly all of
which are carried on to some degree in all shipyards, that dockside
activities are not an acceptable criterion for subcategorization.

FACTCRS CONSIDERED

Salt vs. Freshwater

Freshwater yards perform very little abrasive blasting compared with
shipyards servicing saltwater vessels. Also, antifouling paints are
rot applied to freshwater ships. Since blasting is less common and
usually on a much smaller scale, and the spent paint composition is
different, shipyards servicing only freshwater vessels and those
perforring neither wet blasting to remove paint nor dry abrasive
blasting should receive consideration with respect to their
difference. Best Management Practices (See Section II) numbered 2, 5,
7 and 10 do not apply for facilities where wet blasting to remove
paint or abrasive blasting does not occur.

39



cthers

All other factors were rejected as bases for subcategorization. Since
the major source of potential water pollution appears to result from
blasting, the type of shipyard activities also was eliminated as a
possitle subcategory. Age of the facility does not directly affect
the degree or composition of discharge. Because rainfall is
unpredictanle and occurs to some extent at all yards, climate also was
rejected as a basis for subcategorization.

The type of dock, graving dock or floating drydock, also was
considered and rejected as a subcategory. The same kinds of
activities are undertaken in both types of docks and thus the same
kinds of debris and discharges are produced. The only difference is
that during flooding and deflooding, the water passes over the ends of
ani through scuppers along the sides of floating drydocks while it
flows through one (or more) collector channels in graving docks and is
Aisctarged using pumps. -
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SECTION V

WATEP USE AND WASTE CHARACTERIZATION

INTRODUCTION

This section describes the sources and uses of water by ships and
industrial operations in drydocks. Potable water for use within
drydocks is drawn from the same source that supports the rest of the
shipyard, almost invariably the contiguous municipal system. Non-
potable water is most frecuently drawn directly from the adjacent
navigable waterwaye.

Water requirements in a drydocking facility can be broadly classified
as throse necessary for the ship and those associated with the drydock.
The former include potable water, cooling water, water for fire
control, and other shipboard uses of water. All but potable water are
usually supplied from harbor water. Drydock water uses are harbor
water for flooding, hosedown of ship and dock surfaces, occasional wet

blasting water, and dust scrubber water. Potable water is used in
drydocks for tank cleaning operations.

Wastewaters similarly originate from both ship and drydock sources.
ship wastewater includes cooling water discharge, tank clearing
wastes, and occasionally boiler water discards. Drydock wastewater
includes deflooding water, hydrostatic pressure relief water and gate
leakage, rainwater, water used in hosedown, tank cleaning water, water
from wet blasting if practiced, and any water entering the drydock
from the ship or other sources.

Figure V-1 is a scrematic of water and wastewater flows between a
drydock, the drydocked ship, the drydock floor or deck, and the
harbor. The figure represents a graving dock; however, if the flows
indicated by asterisks are deleted, it also represents a floating
drydock.

Not all flows are present in all drydocks. For example, potable water
is supplied to vessels only if crews are on board. Hydrostatic
pressure relief water is encountered in vast quantities in some
araving docks, others are completely free of this stream.

In addition to water and wastewater flows, Figure V-1 shows materials
entering the drydock as a result of the repair activities and the
disposition of waste materials resulting from repair activities.

Table V-1 summarizes the observations made during the shipyard visits.

The numbered streams in Figure V-1 are identified as to their presence
or aksence at each of yards A through F in Table V-1l.
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3 Table V-1. WATER AND WASTEWATEK PRACTICES, SHIPYARDS
(;“u A THROUGH G

Water and Wastewater Flow Streams¢1)
In Shipyard Visited

Stream SHIPYARD
Number A B C D E F G

Water Into Dock

1 P P P P P A A

2 P P P P P A A

3 P P P P P P ) 4

4 P P I I 1 P P

5 P P NA P P A NA

6 A I A I I I A

7 P P NA P A I NA

8 P D P P P P P

Materials Into Dock

9 I I I I b I I

10 P P P P P P P

1 P P p P P I P

. Waste Materials to Disposal

<:‘; 12 1 I P P 1 1 I
13 1 I 1 I I I I

1 P P P P P I P

Wwastewater to Harbor

15 P P p P P A A

16 P P NA P I I NA

17 P P I I I I P

18 P P NA P P A NA

19 P P P P P P P

20 A I A I 1 I A

P - Present, A-Absent, I-Intermittent, NA-Not Applicable to
Floating Drydock
(1) Refer to Figure V-1 for Stream Designation
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SPECIFIC WATER USES

once they have been placed in service, ships are equivalent to small
towns with respect to their demand for water and the generation of
wastewater discharges. The following subsections describe the source,
u:i, and discharge of water for each of the several systems aboarxd
ship.

Potable wWater. Potable water is drawn from supporting facilities when
in drydock. In addition to 3direct consumption by the resident
population, it is used for food preparation and personal hygiene. The
wastes from these uses become sanitary discharges which are covered by
other regulations and will not be further considered in this document,
except that they should be segregated from process wastewaters.

Fire Protection Water. while underway, fire protection water is drawn
into the vessel from water being sailed upon. It is pressurized for
use in the fire protection system. When in drydock, the supporting
facility provides non-potable pressurized water for this purpose.
These facilities are sometimes used to hose down the dock after
Aewatering or to help accumulate residual spent abrasive into piles.

Boiler Feed Water. Boiler feed water is either distilled from
Seawater or drawn from supporting facilities such as drydocks. This
type of water 1is often required to be purer than potable water. In
use, it is converted to steam in the boiler. The steam is +then wused
to drive propulsion, electric generation, and other machinery as well
as for heating purposes. Finally, the spent steam is condensed into
water and fed back into the boiler to begin the cycle again. Since
this is a closed cycle system there are not normally any discharges
other than unintended leaks. A ship entering a drydock for
maintenance and repair may occasionally have work done on the boiler
while in drydock, and it may be necessary to drain the water from the
boiler.

Cooling Water. Most of the water supplied to a ship 1in drydock for
cooling is non-potalkle water. Freshwater cooled equipment normally
uses a recirculating chilled water system in which 1little water is
wasted. Cooling water is used as a flow through heat sink for air
conditioners and various pieces of machinery and electronic equipment.
Waste cooling water is discharged from the ship into the drydock in
essentially the same condition as supplied except for temperature
elevation (References 5 & 11).

44



Wwater For Industrial Use

Very little industrial wastewater is generated by the processes
carried out in drydocks. However, large amounts of water may pass
through the dock basin. Almost none of the drydocks in current use
rave design provisions for the segregation of contaminated and non-
contaminated flows nor do they ensure isolation of non-contaminated
flows with regard to possible contamination from contact with
industrial process debris. This section will list and describe the
source of all waters, except shirboard wastes, which can be
potentially contaminated by flow through the drydock basin.

Launch Water, Graving Docks. As described earlier a graving dock
basin is ordinarily floodei and dewatered twice for each ship docked.
Water is admitted from the adjacent navigable waterway through the
flooding culverts or through the caisson gate. The gate is removed,
the ship is brought into or removed from the dock, the gate is
replaced, and the water is returned to its source by pumping. The
quality of the water on return, relative to the source, 1is dependent
upon the condition of the admitted water and upon any material which
may be added to or removed from it while in the drydock.

Launch Water, Floating Drydocks. There are two water flows involved
in the sinking and raising of a floating drydock. Sinking and raising
ordinarily happens twice for each ship docked.

The first water flow is that water admitted to the ballast
compartments from the adjacent navigable water body to sink the docke.
After the ship 1is brought into or removed from the dock, water is
pumped from the ballast compartments back to the source body, without
further contamination, to raise the dock. The return flow may be of
better quality than the source since the ballast compartment may serve
as a settling tank.

The second water flow is source body water flowing through the open

ends of the U-shaped trough of the dock and over the pontoon deck as
the dock is sunk. As the dock is raised, water flows out through the
ends and other openings of the drydock and returns to the source body.
The quality of the return flow, relative to the source, is dependent
upon the amount and type of debris that is present on the side wall
and pontoon deck surfaces prior to sinking as well as upon the time of
exposure and rate of runoff during dewatering.

wash Down. When a graving dock is flooded, it simulates a large
settling tank. Silt and mud which enter the dock with the £flooding
water deposit on the floor following dewatering. Marine organisms may
be trapped inside the dock basin when the caisson is replaced for
dewatering. If the dock is not cleaned after dewatering, the dead
marine organisms begin to decay and the silt and mud becomes very
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difficult to remove (Reference 11). In those facilities where these
rroblems occur, the A4rydock floor and other surfaces are rosed with
water from the pressurized non-potable system. Existing practices
generally may include hosing (1) after initial dewatering and (2)
prior to final flooding. These practices were observed in two of the
seven shipyards visited. There are other times of intermittent
hosing. For instance, water from drydock and ship hosing generates
liquid industrial waste and, in addition, may convey solid wastes to
-~ the drainage tunnel for direct discharge to the receiving waterbody.

washdown also occurs occasionally after clean up. Solid wastes
remaining after mechanical and manual clean up efforts may be flushed
by hosing into the drainage tunnel or mixed with flooding waters on
+he dock floor during the undocking cycle (Reference 6).

washdown in a floating drydock is identical to that in a graving dock
except that the wastes are discharged over the side of the dock
instead of into the drainage tunnels.

Integrity Testinge. whenever any repair work is performed on the
structure, fittings of a pressure vessel such as boilers, or whenever
repair work involves penetration of ship's hull for weld repair of
cracks or similar procedures, the final step in the process must be a
test to demonstrate the strength or watertight integrity of the
completed repair.

Although it is not necessary that a ship be in drydock to perform
repairs to pressure vessel equipment, this kind of work is frequently
performed while a ship is drydocked. The usual procedure for
hydrostatic testing of pressure vessel equipment starts with a water
rinse of the inside walls. The quality of water used depends on the
type of equipment. Obviously, non-potable water is not permitted to
enter a potable water system. Next, the equipment ‘is filled with
water of appropriate quality. Air is applied at test pressure and the
equipment examined for leaks. The rinse and test water might be
discrarged to the drydock but is more likely to be dumped to a holding
tank on the ship for later use.

Wwhen repairs involving penetration of the hull of ship are performed,
the watertight integrity of the completed repair is usually tested in
two ways. The first and preliminary method is to apply a stream from
a high pressure fire hose on the repaired area while examining the
other side for leaks. The final method of testing is performed as a
part of the undocking cycle. When the water level reaches a point
just prior to floating the ship off of the blocks flooding or sinking
is stopped while a thorough inspection for leaks is made inside the
ship with particular attention to repaired areas.
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PROCESS WASTE CHARACTERIZATION

Ship Originating Wastes

When a ship is drydocked, the gquantity of wastewater generated depends
upon the expected length of stay in dock and upon specific operations
being performed on the ship Auring the docking cycle. Generally,
ships drydocked for short periods and minor repairs operate as if they
are rerthed at a pier. They require potable and non-potable water and
generate wastewater. On other occasions when ships are drydocked for
extensive overhaul, they may use little or no water. At the beginning
of the docking period, the consumption of water for such purposes as
cooling is at its peak. As systems that use water are shut down,

water use decreases. A ship undergoing maintenance on its non-potable
water system or with its crew disembarked may use no water.

After the dock is dewatered, threaded studs are spot-welded onto the
ship's hull, and metal scupper boxes are bolted on at each water
discharge location. Soil chutes then are hoseclamped onto the scupper
boxes and suspended from the hull. So0il chutes are flexible hoses
usually made of rubber-coated nylon or canvas. The lower end of each
soil chute is fastened to the appropriate Adisposal system; for
example, cooling water to dock overboard discharge systems. Enough
slack is left in the chute so it can be pushed aside if it interferes
with rolling equipment. If soil chutes are properly maintained, this
system is an effective means of segregating and carrying away ship's
wastewater. It would be desirable for the industry to adopt a uniform
standard for hose connections so as to eliminate connection leakage.

Cooling Water. As mentioned in the paragraph on Cooling Water, except
for a slight temperature increase, non-contact cooling water is
discharged from the srip into the drydock in essentially the same
condition as supplied from the drydock non-potable water main.
Reference 5 reports the following measurements taken at one West Coast
facility: nonpotable water.supplied at S55°F; non-contact cooling water
discharged at 589F; drainage sump temperature measured at 60°9F; and
groundwater infiltration, in comparable volume to the cooling water
discharge, at 70°F.

Boiler Water. When ship's boilers are to be out of service for short
periods, the preferred practice is to keep them completely full of
very pure water. Under these conditions, there is no discharge. 1In
some cases, during maintenance or repair work performed on the boiler
while a ship is in drydock, it may be necessary to pump the water out
of the boiler. This one-time discharge will be slightly alkaline and
contain a mixed sludge made up of phosphate and carbonate. The volume
of this one-time discharge is approximately twice the steaming
capacity of the boiler. ‘
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Bilge Discharges. Pumpina oily wastewater overboard from bilges is
prohibited by Coast Guard Regulations. If an accidental discharge
should occur, it is treated as an oil spill within the drydock and
clean up is performed before discharge to ambient waters. If an oil
spill occurs during flooding or dewatering operations, the operation
is stopped until the oil spill is cleaned up.

Other. although there are other discharges from the ship, such as
wastes from the cleaning of tanks and voids, they are generated by
drydock industrial activity rather than ship operations and are
therefore discussed in Hull Cleaning Waste below.

Dock Originating wastes

Hull Cleaning Waste. several methods are used to remove paint, rust,
and marine growth, such as barnacles and algae, from the metal
surfaces of ship hulls. 1In all types of surface preparation, the old
paint, rust, and marine organisms are found mixed in the spent
plasting media. The surface preparation methods are dry abrasive
blasting, hydroklasting, wet blasting, water cone blasting, and
chemical paint stripping. Sur face preparation methods, other than Adry
blasting, are not common in the industry. Hydroblasting is being
tried at three of the shipyards contacted. Wet blasting and water
cone Lblasting is confined principally to Navy ships having special
coatings. Chemical paint stripping is rare and is used only on small,
localized areas made of more delicate materials. Each method is
explained in greater Aetail below.

Dry abrasive blasting (sandblasting, grit blasting), is the most
common method of surface preparation. This method is used in varying
detrees by 95 percent of shipyards contacted. When employed, spent
abrasive is the principal source of solids in the drydock discharge.
particle sizes of the used grit range from fine dust to whole bits of
abrasive, approximately one-eighth inch in diameter. some of the
soent grit falls directly into drainage gutters, especially if a ship
is large and the hull sits over the drains. The potential also exists
for the abrasive to be washed into the drains from storm runoff,
shiptoard wastewaters dumped on the dock, hosing, seepage, O other
sources of water. The spent grit is, for the most part, settleable.

Sometimes, sand is used as the abrasive, instead of utility slag or
copper slage Delicate equipment, such as sonar domes, are
occasionally sand blasted. Rare aluminum-clad hulls are often blasted
with sand instead of grit to minimize metal erosion during blasting.
one problem with using sand instead of slag is the airborne
particulates whicr are high in silica. The major water pollution
problem from sand usage is the possible discharge of solids in the
waste streame.
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The major pollution problem from hydroblasting (Reference 1) is that
the volumes of water used increase the potential that the paint and
grit will be flushed into the drainage discharge. Any spilled oil or
solvents used elsewhere might be washed into drainage gutters. Since
oxidation of the surface of the hull of the ship will prevent a good
bond between the fresh paint and metal, rust inhibitors, which contain
compounds such as sodium nitrite and diammonium phosphate, are used.
(In fact, dry grit blasting is not performed during rainfall so that
metal will not rust during or after blasting). Antifreeze may be
added to the spray. This will be discharged into the wastewater
streams along with the blasting water. Hydroblasting is not preferred
by ship repair facilities, because the resulting surface obtained is
not as suitaple for paint adhesion as the surface obtained by dry grit
blasting.

Wet Dblasting uses a mixture of grit and water. The water acts as the
propulsion medium. The solids discharge potential, which is
characteristic of dry grit blasting, exists as well as the
aforementioned problems of hydroblasting.

Paint may be chemically stripped, rather than blasted, from more
delicate apparatus such as sonar domes, antennas and deck machinery.
Small articles may be dipped in some yards. Chemical paint stripping
was not reported as Leing used in drydocks by any of the shipyards
contacted or visited.

Spent Paint, Rust, and Marine Organisms. Spent paint containing the
priority pollutants copper, zinc, chromium, and lead, along with iron
oxides and marine organisms are removed from the ships during
blasting. The paint contributes to the solid load in the waste stream
as well as being subject to contact with stormwater, flooding waters,
hose water, and water spills. Additionally, it can be washed, pushed,
or blown into uncovered drains.

Antifouling paints are of particular concern. Toxic constituents,
such as copper or organotin compounds are used in these paint
formulations. Rust and marine growth removed from the sides of the
ship may increase quantities of solids in the waste stream. :

Fresh Paints and Solvents. Fresh paints contain a variety of metals,
such as copper, zinc, chromium and lead, as well as hydrocarbons which
are not present in the used paint removed from the ship's hull.
Solvents generally are hydrocarbon based. Paints and solvents may be
washed into drains; occasionally they are mixed directly over drains
with spillage falling into the drains. Overspray from the painting
operation is estimated to be between one and two percent. Paint was
observed floating in discharge streams at one facility visited.
Orgjanotin paint applications were not cbserved in any of the shipyard
visits.
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Generally two types of paints are used on ship®'s hulls: antifouling
and anticorrosive. Antifouling paints are toxic to prevent the growth
of marine organisms. Cuprous oxide based paints have been used for
this purpose for many years. Increased attention has been recently
given to the use of organotin antifouling paints. Although the
effects of organotin are not well documented, these compounds are
reported to be more effective antifoulants than copper based paints,
and require a lower percentage of toxic consituents.

There is a trend toward epoxy-based anticorrosive paints replacing
vinyl and vinyl-lead based coatings. Pigment materials such as
lamptlack, red-iron-oxide, and titanium dioxide are added to these

paints. Anticorrosive additives are included in epoxy-based or vinyl
base paints, usually in the form of zinc dust.

Grease and 0ils. The major source of grease and oils is fuel oils and
lubricants spilled on drydock floors. Spills most frequently occur
when fuel and oils are transferred. Leaky hoses and connections,
overflow of containers, and. general carelessness contribute to
spillage. When stripping fuel tanks, compartments, and when machinery
is repaired, or a tank ruptures, oil and grease pollution potential
increases. Spills can occur during refilling of fuel tanks at the
conclusion of the drydock operations. It is reported that spills over
100 gallons are rare.

Stormwater Runoff. Stormwater is a totally uncontrollable source of
wastewater in drydocks. No method of confining rainfall within the
dock exists. Channels have been used to direct the water from the
dock floor. The major contribution of stormwater to wastewater loads
is to increase the guantity of discharge. When heavy and sustained
rainfalls occur, stormwater may transport solids to the drains. Some
drydocks located in dry climates have essentially no problems dQue to
rainwater.

Dock and Gate Seepage. Another source of wastewater is leakage around
the caisson gate of graving docks. This flow of harbor water into the
dock can be caused by deterioration of the gate seals or by large
pieces of refuse being trapped between the gate and the dock when the
caisson is replaced before dewatering. This water flows across the
floor and into the drainage system. Some graving docks are designed
to allow relief of hydrostatic groundwater pressures through the
sidewalls and floor. Relief waters also flow across the floor and
into the drain system.

In some dock designs this water is isolated from the dock floor via
dams and drains and is channeled directly into the drainage trenches.
Flows approaching 100 gal/minute are not uncommon. Floor originating
relief waters commonly flow across the dock basin and into the
drainage system.
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Cleaning Waste. Detergents are used to clean water tanks, bilges, and
fuel tanks. The detergents are combined with diesel o0il in a one to
ten ratio. After cleaning, tanks are rinsed with hot water. This
process is a source of o0il and grease as well as nitrogen and
phosphorus compounds.

On rare occasions, delicate equipment, such as antennas and sonar
domes, may be cleaned with detergents prior to painting.

Traskh. Cans, paper, bottles, rags, welding rods, scrap metal, and
pieces of wood are examples of trash found on a drydock floor prior to
flooding. During dewatering, some of these wastes may be flushed out
of the docks if they have not been removed. '

QUANTITATIVE DATA

During the past several years, monitoring programs have been conducted
at several shipyards. Some of the studies were performed by the
shipyards while others were conducted by the government. Effluents
from two shipyards were sampled for this document and the results of
all of these studies are compared in this section. Additionally,
leaching studies are analyzed as well as the results of a sieve
analysis of abrasive collected at one shipyard. Also included in this
section is a discussion of the difficulties and limitations of
effectively monitoring shipyard effluents.

Sampling Results

Tables V-2 through V=10 indicate ranges and medians of results
obtained during various sampling programs at shipyards A, B and D.
Tables V-7 and V-10 combine the results of all data from Shipyards A
and D respectively according to different aspects of the effluent
discharge.

Table V-2, for Shipyard A is derived from NPDES monitoring conducted
by shipyard personnel. A monthly grab sample of the harbor water was
obtained at the time of flooding. While a ship was docked, multi-day
composites were collected at drainage pump discharges.

Several sets of data exist for Shipyard B. Both shipyard and EPA test
results of the same sampling program are summarized (Tables V-3 and V-
4). This monitoring occurred during research for the Denver Rationale
(Reference 2). Major differences in results are probably due to
variations in 1laboratory techniques. For example, chromium levels
found in the EPA results of the split sample are much higher than
shipyard findings. This is due to the use by EPA of a glass fiberx
filter and a Whatman #1 paper filter during sample preparation.
Additionally, 1limits on the accuracy of the testing methods may
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explain discrepancies such as higher values for dissolved solids than
the corresponding total solids.

Heavy blasting and extensive painting of the docked vessel occurred
during the sampling period. Because the purpose of these tests was to
prepare the Denver study (Reference 5), and was prior to the issuance
of NPDES permits, extensive clean up was not dictated.

Grab samples were collected and composited during initial and final
flooding and dewatering, a total of four composited samples. Also,
two sequential samplers programmed to draw one sample per hour were
used to gain composited daily drainage samples.

NPDES permit monitoring data on dock drainage was available for a
thirteen-month period beginning February 1975. The shipyard initiated
clean-up practices only during the final month, February 1976. The
drainage pump discharge was sampled once per month by yard personnel.
Two or three grab samples were taken during a pump cycle and
composited (see Table V-5).

Hittman Associates, under contract to EPA, conducted a sampling study
in April 1976. Grab samples of the harbor water were collected prior
to initial flooding and of initial and final flooded docks. Also, a
grab sample was obtained at every two-foot drop in the water level
during the initial and final dewaterings. These samples were then
composited. Additionally, combined samples were collected and
documented during drainage pump cycles throughout the monitoring
period. Table V-6 presents the results of these tests. :

puring sampling  at shipyard B, a "very light sand sweep® (32 to 35
tons of grit) of the docked ship, an ore carrier, took place, followed
by anticorrosive touch-up painting, and application of antifouling
paint. The hull was blasted to the light load line only. Hoses were
used to transport most of the shipboard waters to drain channels. At
times, cooling water fell directly on the dock floor. Clean up, using
manual shovels and front end loaders, took place just prior to
flooding and undocking of the ship.

Comparison of the various test results presents few contradictions.
In nearly all cases, the minimum and median values were consistent.
on rare occasions, high values did differ considerably. Table V-7
composites the data on Shipyard B. Regardless of the extent of
painting, effluent levels remain constant. There is no apparent
significant change in Shipyard B's NPDES monitoring data during,
before, and after clean-up procedures were initiated. It is,
therefore, concluded that the nature of the discharge is not conducive
to numerical monitoring.
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Data for Shipyard D include both NPDES monitoring for 1975 (Table V-8)
and sampling from May 1976 conducted for EPA (Table V-9). sShipyard
personnel sampled during the second or third week of each month. The
date was chosen and sampling occurred regardless of shipyard activity
or weather conditions. Two samples were collected from each drain
discharge, separately composited, and reported to fulfill NPDES permit
requirements.

The May 1976 sampling thoroughly covered <the docking procedure,
including drainage discharges, regularly for ten days until the dock
had been cleaned. Manual shoveling and sweeping, use of front
loaders, and occasional hosing were performed to clean up 150 tons of
spent abrasive used during the blasting to bare metal of the complete
hull of a mediumsized Navy ship. Use of a closed cycle side blaster
on about 25 percent of the ship*'s hull limited the abrasive tonnage.
Anticorrosive paint was then applied immediately to the ship's hull.
Antifouling paints were not applied during this sampling period.

The sampling program included samples of the harbor water prior to

flooding as well as two additional harbor samples during the
monitoring period.
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Table V-2. SUMMARY OF NPDES MONITORING AT SEIPYARD A
AUGUST 1975 THROUGH SEPTEMEER 1975

Harbor Water Drainage Watexr
range Range

Parameter High Low High Low
pH 6.9 607 1.0 6-8
suspended Solids 9.0 6.0 10.0 10.0
Settleable Solids <0.1 <0.1 0.1 <0.1
Oi.l and Grease 8.2 1.2 u3. 82 1.71
PbT <0.05 <0.04 <0.05 <0.04
PbD <0.05 <0.04 <0.05 <0.04
CcrT 0.02 <0.03 <0.03 0.02
CrD 0.03 <0.02 <0.03 0.01
Cul 0.47 0.2 0.54 0.36
cuD 0.04 0.03 0.04 0.04
snT <0.7 <0.u <0.7 <0.4
snD <0.7 <0.4 <0.7 <0.4
car <0.01 <0.01 <0.01 <0.01
cdp <0.01 <0.01 <0.01 <0.01
ZnT 0. 149 0.054 0.125 0.049
ZnD 0.066 0.027 0.04 0.038
AsST 0.02 <0.01 0.04 <0.01
AsD 0.02 <0.01 0.04 <0.01
HgT 0.0035 0.0025 0.018 0.0002
HqgD 0.0007 0.0004 0.0005 0.0004

All values except pH are in mg/l.
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- A grab sample of the flooded dock was collected and a composite of
(”ﬂﬁ‘samples collected at each two-foot water level drop was made during

\—1‘[‘.

!

dewatering. Samples were taken of the drainage water during hosedown
following initial dewatering and reqularly throughout the monitoring

period. Every two minutes during the pumping cycle, samples were
drawn and composited.

During the May 1976 sampling program at Shipyard D, the harbor water
was actually higher in certain constituents, such as total suspended
solids and pH, than in the NPDES tests. No significant increases
occurred between corresponding influents and effluents. As in samples
at other shipyards, discharge levels tend to be very low with rare
"high" values of certain parameters. It could not be established that
dockside activities affect discharge 1levels. As in the case of
Shipyards A and B, constituent 1levels remain constant throughout.
Oonly levels of manganese varied from the harbor water concentrations.
In all likelihood, this can be attributed to groundwater infiltration
since no other major source of manganese 4is apparent. The results
again 1lead to the conclusion that the nature of the discharge is not
conducive to numerical monitoring.

Several obstacles exist with respect to conducting an accurate
sampling program of floating drydocks and/or graving docks. Some of
these problems are due to the nature of the operation and drydock
design. Other difficulties occur during interpretation of the data.

o The physical design and operation of a floating drydock is
not conducive to conducting an effective sampling program.
During submersion of the dock, potential contaminants such
as grit and paint might be flushed from the surface of the
dock, rather than discharged through a single sampling point
such ag a pipe or sewer, as in the case with graving docks.

When the dock is submerged, grit, spent paint, o0il and
grease, and other dockside wastes may be flushed or may
float from the dock floor. Any spills, stormwater, or
discharges onto the floated dock floors will randomly run
off the ends and through scuppers along the sides of the
floating drydock. Ssince there are multiple daischarge
points, accurate sampling is not feasible.

o Because only total drainage discharges were monitored on a
daily basis, it is difficult to attribute constituents and
flows to any individual source or operation. For example,
variations in flows and composition of cooling water and
degree of hydrostatic relief might occur concurrently with
an operation such as blasting or painting. Any alteration
in drainage discharge would be difficult to correlate with
these activities.
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shipyard D management once attempted to estimate all drydock
discharge parameters and levels but were unable to determine
the source of some of the contaminants. The problem
obviously is complex.

o Insufficient documentation of sampling programs performed
prior to this contract makes interpretation of previous
monitoring gquestionable. By failing ¢o explain what
shipyard operations were in progress, weather conditions,
floor conditions, and especially analytical procedures,
interpretation and comparison of monitoring data is
difficult.

o The lack of a "typical" daily dock operation means that all
data obtained is particular to that specific day and is not
necessarily representative of the usual drydock discharges.
Consequently interpretation of the data is difficult. This
restricts determination of sources and establishment of
recommendations.

Leaching Studies

studies of the leachability of the fresh abrasive and spent abrasive
and paint were done at several shipyards. The experiments are
discussed below. ‘

Leaching Study #1 consisted of an experiment in which 400 grams of
spent abrasive collected from a shipyaxd facility were mixed with a
liter of seawater. The combination was shaken intermittently. A 100
ml aliquot was withdrawn after two days one inch below the surface.
Another aliquot was withdrawn after eight days. The method of
analysis was not defined. The two aliquots produced no difference in
concentrations of cd, Cr, Zn, Cu, and Sn. Only levels of lead showed
a significant increase.

The results of leaching Study #2 present markedly different
conclusions. These tests performed by EPA indicate that the spent
abrasive may actually act as an adsorbent of metals already present in
the water. Approximately 100 grams of spent abrasive collected at
five different shipyards were each exposed to approximately one liter
of seawater from the local bay. An analysis indicated that cadmium,
chromium, lead, and tin levels all either remain the same or
decreased. only copper and zinc exhibited any increase in
concentration.

Leachking Study #3 resulted in no major change in nickel, zinc, tin, or

cadmium. Slight increases in chromium, copper, iron, and lead levels
occurred, but mercury concentration was reduced 98 percent.
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The data for Leaching Study #4 was much more thorough. Seven spent
abrasive samples and two fresh abrasive samples were subjected to a
leaching test in seawater. A level of pollutant was determined after
exposure of 300 hours and 700 hours. Only lead concentrations
markedly increased with each sample. Copper and zinc levels increased
significantly on occasions, but otherwise remained constant. Arsenic,
cadmium, mercury, and tin concentrations never varied appreciably.
Levels of copper, lead, and zinc in the 1liquid consistantly
corresponded to the levels in the spent abrasive. Similarly 1low
values of these metals in the liquid samples occurred when the spent
abrasive contained lesser quantities of these three elements.

Leaching Study #5 consisted of treating five different samples of grit
and river sediment with river water or deionized water. Some of the
experiments involved stirring, while others did not. Chromium levels
actually showed a slight decrease in value, indicating again the
possibility that the abrasive acts in certain cases as an adsorbent.
Copper levels changed very little. Data on leachability of zinc was
inconclusive since concentrations of zinc increased in some instances
and decreased in others.

There are many inconsistencies in the results of the five 1leaching
studies reviewed. Questions which remain about testing procedures and
conflicting data indicate that further study would be beneficial.
Doubts exist about the reliability of a leaching test done in a small
closed container where dilution and circulation are not factors.

Sieve Analyses of Debris

Sieve analyses were conducted on fresh grit and spent paint and
abrasive collected by the contractor at Shipyard B. One sample
consisted entirely of fresh abrasive, and the second sample containing
spent paint and grit was collected from the drydock floor immediately
following blasting. The two samples were analyzed using a standard
sieve analysis and the results are shown in Table Vv-11 and V-12.

Table V-11. GRAIN-SIZE ANALYSIS
OF UNSPENT GRIT (SAMPLE 1)

Sieve % Retained % Finer
10 15 85
40 83 2
60 1.8 o2
140 <.1 <1
200 <. 1 <.1
<200 R <o 1
100

Average specific gravity = 4.617
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Table V-12. GRAIN-SIZE ANALYSIS OF
SPENT GRIT AND SPENT PAINT (SAMPLE 2)

Sieve £ Retained % Finer
10 10 90
40 78 12
60 6 6
140 3 3
200 1 2
<200 2 1

100

Average specific gravity = 4.018

The fresh grit, "Black Beauty," was purchased by the company from
power plants. The abrasive is actually the slag collected from coal-
fired boilers. The principal constituents are iron, aluminum, and
silicon oxides (see Table III-3). The spent grit and paint, which
were collected following a "very light sand sweep," contained flakes
and particles of antifouling and primer paints and bits of iron
oxides. The test results indicate that over 95 percent of the
particles in each sample were sand size and were retained in U.S.A.
Standard Testing sieves numbered 10, 40, 60, and 140, made by Tyler
Equipment Co., with the largest fraction retained in sieve number 40.
The unspent grit particles were slightly larger and the facets were
sharper and more defined. The specific gravities of the two samples
did not differ significantly. These sand-size particles were readily
settleable.
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SECTION VI

SELECTION OF POLLUTION PARAMETERS

INTRODUCTION

Materials originating from shipbuilding and repair activities which
may have significance as potential pollutants have been identified
during the course of this study. Although an exhaustive 1list of
materials capable of discharge to waterways could be developed, many
of these can be eliminated from consideration. The priority
pollutants copper, zinc, chromium, and lead have been identified as
being present in shipyard facilities under conditions which can result
in their discharge. Compounds of these metals are constituents of
fresh paints (Tables III-4 and III-5). They persist in the abrasive
blasting debris as components of the spent paint and abrasive. The
rationale for selection of constituents as pollution parameters or for
rejection of others is presented here.

Wwhile numerical guidelines and standards are not being recommended at
this time, pollution parameters are being identified for consideration
by the users of this document and for further investigation, and use
where it may be appropriate.

Factors which have been considered in selecting and rejecting
pollution parameters include:

o The degree of pollutional constituents used and discharged
from ship repair and construction operations in graving
docks and floating drydocks. .

o The need for preventing the introduction of the constituent
into the waterway; and

o) The aesthetic effects of the constituent and the effects on
other uses of the water.

A 1list of constituents which may be subject to discharge from graving
docks and from floating drydocks is shown in Table VI-l. Pollution
parameters have been selected from this list, and this is discussed in
the following sections.
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Table vi-t.

MATERIALS ORIGINATING FROM DRYDOCKS WHICH MAY BE

DISCHARGED TO WATERWAYS

constituents

Fresh Grit

Blasting Debris

Solid wastes

Fresh Paint

0il & Grease
Fuel

0il, Grease and
Fuel Contaminated
Water

Solvents, Paint
Remover

Boiler Water

Cooling Water

Hydrostatic-
Leakage

Gate Leakage

Source

Spills during transfer
and handling

Material removed from
ships hull during
blasting

Repair and construc-
tion Activities

Paint mixing spills,
overspray

Spills and leakage
from ship and equip-
ment, losses during
servicing

Leakage from tank
cleaning and ruptured
tanks, bilgewater

Paint stripping
other than blasting

Vessel boiler

Vessel equipment

Groundwater leakage
into dock

Harbor water
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comments

Uncontaminated
solid, usually slag,
sand, cast iron or
steel shot

Spent grit, marine
fouling, spent paint,
rust, may contain
priority pollutants

Scrap metal, welding
rods, wood, plastics,
trash such as paper
and food scraps

Overspray may reach
dock floor, spills
to floor or drains
and contains prior-
ity pollutants

Can originate either AN

from vessel or from =\M)
dock activities '

May contain detergents
used in tank cleaning

Not common practice
High quality water,
usually not discharged
Supplied by on-shore
source, once-through,
non-contact

Graving docks only

Graving docks only



Materials identified in Table VI-1 may produce other contaminants in
water. Their effects are generally measured in terms of parameters
such as suspended solids, dissolved solids, BOD and COD, o0il and
grease, and specific elements or chemical species. Table VI-2 lists
specific and nonspecific parameters which are possible pollutants.
Analytical methods for monitoring would necessarily include some or
all of the items listed in Table VI-2.

Table VI-2. PARAMETERS WHICH MAY BE PRESENT IN
WASTEWATER DISCHARGES FROM DRYDOCKS

Specific Parameters Non-Specific
Metals Non-Metals Parameters

Pb Mn- PO, PH

Cr As NO, Total Suspended Solids
Cu Hg Settleable Solids

Sa- Ni Oil and Grease

cd Al

Zn Fe -

RATIONALE FOR THE SELECTION OF POLLUTION PARAMETERS

During the course of this study and the sampling program conducted in
support of it, it has become evident that a direct cause and effect
relationship between activities and materials in the docking facility
and constituents in the wastewater does not always exist. In
addition, much of the water purposefully used in drydocking operations
is harbor water already containing measurable levels of constituents
leached from the drainage area supplying the harbor, discharged from
other sources, or naturally present in the water. Because of this,
the problem of identifying the origin of these constituents, in the
presence of sampling and analytical variations, becomes complex.

In selecting pollution parameters two questions have been considered
as vital to the proper inclusion of a constituent in this category.

‘The first of these is, "Are the constituents discharged to the

environment"? Second, and equally important is, "Is the constituent
present in the ship repair and construction facility in a condition
capable of creating a hazardous discharge™? If both of these questions
can be answered in the affirmative, the constituent should be
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considered a potential pollutant requiring monitoring and possibly
necessitating controls.

Referring to Table VI-2, the l1isted metals all may be constituents of
the paint used on hulls. The most commonly used anticorrosive paints
contain zinc chromate or lead oxide. Antifouling paints in current
use usually incorporate cuprous oxide. The use of arsenic and mercury
antifouling paints has been discontinued because of their toxicity.
Recently, antifouling paints containing organotin compounds have been
introduced into practice. These have the advantage of longer life in
service but when removed for repainting, like mercury based paints,
can e toxic to workers. Three sources of iron exist in the
drydocking facility. Steel scrap and waste metal are major sources.
Iron from scrap is initially in the metallic form but air and moisture
will rapidly produce a surface coat of rust. The second source is
iron oxide contained in the paints. The amount of iron oxide in paint
is negligible compared to the other paint components and to exposed
steel surfaces found in the drydock area. The third source is
metallic iron abraded from ships during abrasive blasting and
subsequent potential dissolution into water.

Non-metal constituents are phosphates and nitrites. These are added
to water in trace quantities during wet blasting to bare metal. They
function as rust inhibitors. Their use is infrequent and total
quantities are small.

Non-specific parameters which may ultimately be transported to
wastewater are also listed in Table VI-2.

Solids content is measured by total solids, suspended and settleable
solids, and dissolved solids. Total solids is the total of the
suspended and dissolved components. Most of the suspended solids are
spent paint and grit from the blasting operations, but may also
include dried fresh paint resulting from overspray and spills. = Other
sources of solids are metal or metal scale particulates resulting from
cutting and cleaning work, slag from arc welding, wood and other
organic solids particles, etcC., all in small quantities. Dissolved
solids may be present due to constituents from spent or fresh paint,
solution of iron or alloy metals from scrap steel, and solution of
components from virtually any solid coming in contact with water.

A measure of the hydrogen ion concentration of water is pH. As such,
it can be altered (from the neutral value of 7) to either acidic or
basic values by the effects of dissolved materials added to the water.

0il and grease are measures of the quantity of organic compounds

extractable by hexane. This can include not only oils and greases,
but also fuel, solvents, and paint components.
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The parameters selected as pollutants potentially released by shipyard
activities into wastewaters are listed in Table VI-3. These
constituents represent materials which are commonly used in drydocking
facilities and hence which have potential for release to ambient
waters. Although other parameters 1listed in Table VI-2 have been
rejected as pollutants to be regulated at this time, the sampling and
analysis program routinely determined the levels of those as well.

The kasis for rejection is discussed in the subsection on "Rationale
for Rejection of Pollution Parameters."

Table VI-3. POLLUTION PARAMETERS

Specific Parameters

Priority Other Non-Specific
Pollutants Non-Metals Metals Parameters
Zn None Sn* Suspended Solids
Cu Settleable .Solids
Pb 0il and Grease
Cr _ pH

*Only where organotin anti?fouling plants may be
used or removed from the hull.

It must be emphasized that one of the great uncertainties in
establishing pollution parameters arises from the use of harbor water
for most of the shipyard operations. Unlike chemical processing
plants, where high quality water is used, input water may vary in
constituent concentration from fresh lake and river water to saline
ocean water, thus the background content of suspended and dissolved
components may mask many of the parameters frequently monitored. The
following subsections discuss each of the parameters selected as
potential pollutants.

Zinc (Zn)

Occurxring abundantly in rocks and ores, zinc is readily refined into a
stable pure metal and is used extensively as a metal, an alloy, and a
plating material. In addition, zinc salts are also used in paint
pigments, dyes, and insecticides. Many of these salts (for example,
zinc chloride and zinc sulfate) are highly soluble in water; hence, it
is expected that zinc might occur in many industrial wastes. On the
other hand, some zinc salts (zinc carbonate, zinc oxide, zinc sulfide)
are insoluble in water and, consequently, it is expected that some
zinc will precipitate and be removed readily in many natural waters.
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In soft water, concentrations of zinc ranging from 0.1 to 1.0 mgs1
have been reported to be lethal to fish. Zinc is thought to exert its
toxic action by forming insoluble compounds with the mucous that
covers the gills, by damage to the gill epithelium, or possibly by
acting as an internal poison. The sensitivity of fish to zinc varies
with species, age, and condition, as well as with the physical and
chemical characteristics of the water. Some acclimatization to the
presence of the zinc is possible. It has also been observed that the
effects of zinc poisoning may not become apparent immediately so that
fish removed from zinc-contaminated to zinc-free water may die as long
as 48 hours after the removal. The presence of copper in water may
increase the toxicity of zinc to aguatic organisms, while the presence
of calcium or hardness may decrease the relative toxicity.

A complex relationship exists between zinc concentrations, dissolved
oxygen, pH, temperature, and calcium and magnesium concentrations.
Prediction of harmful effects has been 1less than reliable and
controlled studies have not been extensively documented.

Concentrations of zinc in excess of 5 mg/l in public water supply
sources cause an undesirable taste which persists through conventional
treatment. 2zinc can have an adverse effect on man and animals at high
concentrations.

Observed values for the distribution of zinc in ocean waters vary
widely. The major concern with zinc compounds in marine waters is not
one of acute lethal effects, but rather one of the long term sublethal
effects of the metallic compounds and complexes. From the point of
view of acute lethal effects, invertebrate marine animals seem to be
the most sensitive organisms tested.

A variety of freshwater plants tested manifested harmful symptoms at
concentrations of 10 mg/l. Zinc sulfate has also been found to be
lethal to many plants and it could impair agricultural uses of the
water.

Copper (Cu)

Copper is an elemental metal that is sometimes found free in nature
and is found in many minerals such as cuprite, malachite, azurite,
chalcopyrite, and hornite. Copper is obtained from these ores by
smelting, leaching, and electrolysis. Significant industrial uses are
in the plating, electrical, plumbing, and heating equipment
industries. Copper is also commonly used with other minerals as an
insecticide and fungicide.

Traces of copper are found in all forms of plant and animal life, and

it is an essential trace element for nutrition. Copper is not
considered to be a cumulative systemic poison for humans as it is
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readily excreted by the body, but it can cause symptoms of
gastroenteritis, with nausea and intestinal irritations, at relatively
low dosages. The limiting factor in domestic water supplies is taste,
Threshold concentrations for taste have been generally reported in the
range of 1.0 to 2.0 mg/l of copper while concentrations of 5 to 7.5
mgs/l have made water completely undrinkable. It has been recommended
that the copper in public water supply sources not exceed 1 mgr1l.

Copper salts cause undesirable color reactions in the food industry
and cause pitting when deposited on some other metals such as aluminum
and galvanized steel. The textile industry is affected when copper
salts are present in water used for processing of fabrics. Irrigation
waters containing more than minute gquantities of copper can be
detrimental to certain crops. The toxicity of copper to aquatic
organisms varies significantly, not only with the species, but also
with the physical and chemical characteristics of the water, including
temperature, hardness, turbidity, and carbon dioxide content. In hard
water, the toxicity of copper salts may be reduced by the
precipitation of copper carbonate or other insoluble compounds. The
sulfates of copper and zinc, and of copper and cadmium are synergistic

in their toxic effect on fish.

Copper concentrations less than 1 mg/l have been reported to be toxic,
particularly in soft water, to many kinds of fish, crustaceans,
mollusks, insects, phytoplankton, and zooplanton. Concentrations of
copper, for example, are detrimental to some oysters above 0.1 ppm.
Oysters cultured in seawater containing 0.13 to 0.5 ppm of copper

deposited the metal in their bodies and became unfit as a food
substance.

Tin (Sn)

Tin is not present in natural water, but it may occur in industrial
wastes. Stannic and stannous chloride are used as mordants for
reviving colors, dyeing fabrics, weighting silk, and tinning vessels.
Stannic chromate is used in decorating porcelain, and stannic oxide is
used in glass works, dye houses, and for fingernail polishes. Stannic
sulfide is used in some lacquers and varnishes. Tin compounds are
also used in fungicides, insecticides, and anti-helminthics.

No reports have been uncovered to indicate that tin is detrimental in
domestic water supplies. Traces of tin occur in the human diet from
canned foods, and it has been estimated that the average diet contains
17.14 mg of tin per day. Man can apparently tolerate 850 to 1000 mg
per day of free tin in his diet.

on the basis of feeding experiments, it is wunlikely that any

concentration of tin that could occur in most natural waters would be
detrimental to 1livestock. Most species of fish can withstand fairly
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large concentrations of tin; however, tin is about ten times as toxic
as copper to certain marine organisms such as barnacles and tubeworms.

while the inorganic compounds of tin are essentially non-toxic at the
levels normally encountered, organotin compounds exhibit a high degree
of toxicity to specific organisms. These are relatively recent
innovations and little experience has been developed in their use.

Due to the potential hazards of organotins to marine environments and
in light of the present lack of knowledge concerning the behavior of
organotin waste in the environment, abrasive blasting waste containing
organtin compounds should be considered pollutants of concern.

Lead (Pb)

Lead is used in various solid forms both as a pure metal and in
several compounds. Lead appears in some natural waters, especially in
those areas where mountain limestone and galena are found. Lead can
also be introduced into water from lead pipes by the action of the
water on the lead.

Lead is a toxic material that is foreign to humans and animals. The
most common form of lead poisoning is called plumbism. Lead can be
introduced into the body from the atmosphere containing lead or from
food and water.

Lead cannot be easily excreted and is cumulative in the body over long
periods of time, eventually causing lead poisoning with the ingestion
of an excess of 0.6 mg per day over a period of years. It has been
recommended that 0.05 mg/l lead not be exceeded in public water supply
sources.

Chronic 1lead poisoning has occurred among animals at levels of 0.18
mg/l of lead in soft water and by concentrations under 2.4 mg/l in
hard water. Farm animals are poisoned by lead more frequently than
any other poison. Sources of this occurrence include paint and water
with the lead in solution as well as in suspension. Each year
thousands of wild waterfowl are poisoned from 1lead shot that is
discharged over feeding areas and ingested by the waterfowl. The
bacterial decomposition of organic matter is inhibited by lead at
levels of 0.1 to 0.5 mg/l.

Fish and other marine 1life have had adverse effects from lead and
salts in their environment. Experiments have shown that small
concentrations of heavy metals, especially of lead, have caused a film
of coagulated mucous to form first over the gills and then over the
entire body probably causing suffocation of the fish due to this
obstructive layer. Toxicity of lead is increased with a reduction of
dissolved oxygen concentration in the water.
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Chromium (Cr)

Chromium is an elemental metal usually found as a chromite (FeCr204) .
The metal is normally processed by reducing the oxide with aluminum,

Chromium and its compounds are used extensively throughout industry.
It is used to harden steel and as an ingredient in other useful
alloys. Chromium is also used in the electrcplating industry as an
ornamental and corrosion resistant plating on steel and can be used in
pigments and as a pickling acid (chromic acid).

The two most prevalent chromium forms found in industry wastewaters
are hexavalent and trivalent chromium. Chromic acid used in industry
is a hexavalent chromium compouni which is partially reduced to the
trivalent form during use. Chromium can exist as either trivalent or
hexavalent compounds in raw waste streams. Hexavalent chromium
treatment involves reduction to the trivalent form prior to removal of
chromium from the waste stream as a hydroxide precipitate.

Chromium, in its various valence states, is hazardous to man. It can
produce lung tumors when inhaled and induces skin sensitizations.
Large doses of chromates  have corrosive effects on the intestinal
tract and can cause inflammation of the kidneys. Levels of chromate
ions that have no effect on man appear to be so low as to prohibit
determination to date. The recommendation for public water supplies
is that such supplies contain no more than 0.05 mg/l total chromium.

The toxicity of chromium salts to fish and other aquatic life varies
widely with the species, temperature, pH, valence of the chromium and
synergistic or antagonistic effects, especially that of hard water.
Studies have shown that trivalent chromium is more toxic to fish of
Some types than hexavalent chromium. Other studies have shown
opposite effects. Fish food organisms and other lower forms of
aquatic 1life are extremely sensitive to chromium and it also inhibits
the growth of algae. Therefore, both hexavalent and trivalent
chromium must be considered harmful to particular fish or organisms.

Total Suspended Solids (TSS)

Suspended solids include both organic and inorganic materials The
inorganic compounds include sand, silt, and clay. The  organic
fraction includes such materials as grease, oil, tar, and animal and
vegetable waste products. These solids may settle out rapidly and
bottom deposits are often a mixture of both organic and inorganic
solids. Solids may be suspended in water for a time, and then settle
to the bed of the stream or lake. These solids discharged with man's
wastes may be inert, slarly biodegradable materials, or rapidly
decomposable substances. While in suspension, they increase the
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turbidity of the water, reduce 1light penetration, and impair the
photosynthetic activity of aquatic plants.

suspended solids in water interfere with many industrial processes,
cause foaming in boilers, and incrustations on equipment exposed to
such water, especially as the temperature rises. They are undesirable
in process water used in the manufacture of steel, in the textile
industry, in laundries, in dyeing, and in cooling systems.

Solids in suspension are aesthetically displeasing. When they settle
to form sludge deposits on the stream or lake bed, they are often
damaging to the life in water. Solids, when transformed to sludge
deposits, may do a variety of damaging things, including blanketing
the stream or lake bed and thereby destroying the 1living spaces for
those benthic organisms that would otherwise occupy the habitat. Wwhen
of an organic nature, solids use a portion of all of the dissolved
oxygen available in the area. Organic materials also serve as a food
source for sludgeworms and associated undesirable organisms.

Disregarding any toxic effect attributable to substances leached out
by water, suspended solids may kill £ish and shellfish by causing
abrasive injuries and by clogging gills and respiratory passages of
various aquatic fauna. Indirectly, suspended solids are inimical to
aquatic 1life because they screen out light, and they promote and
maintain the development of noxious conditions through oxygen
depletion. This results in the killing of £fish and fish food
organisms. Suspended solids also reduce the recreational value of the
water.

0il and Grease

Because of widespread use, oil and grease occur often in wastewater
streams. These oily wastes may be classified as follows:

o Light Hydrocarbons - These include light fuels such as
gasoline, kerosene, 3jet fuel, and miscellaneous solvents
used for industrial processing, degreasing, or cleaning
purposes. The presence of these light hydrocarbons may make
the removal of other heavier oily wastes more difficult.

o Heavy Hydrocarbons, Fuels, and Tars - These include the
crude oils, diesel oils, #6 fuel oil, residual oils, slop
oils, and in some cases, asphalt and road tar.

o Lubricants and Cutting Fluids - These generally fall into
two classes: non-emulsifiable oils such as lubricating oils
and greases and emulsifiable oils such as water soluble
oils, rolling oils, cutting oils, and drawing compounds.
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Emulsifiable oils may contain fat soap or various other
additives. ‘

o Vegetable and Animal Fats and Oils - These originate
primarily from Processing of foods and natural products.

These compounds can settle or float and may exist as solids or liquids
depending upon factors such as method of use, production process, and
temperature of wastewater. '

Oils and grease even in small quantities cause troublesome taste and
odor problems. Scum lines from these agents are produced on water
treatment basin walls and other containers. Fish and waterfowl are
adversely affected by 0oils in their habitat. Oil emulsions may adhere
to the gills of Ffish causing suffocation, and the flesh of fish is
tainted when microorganisms that were exposed to waste oil are eaten.
Deposition of o0il in the bottom sediments of water can serve to
énhibét normal benthic growth. 0il and grease exhibit an oxygen
emand.

Levels of o0il and grease which are toxic to aquatic organisms vary
greatly, depending on the type and the species susceptibility.
However, it has been reported that crude oil in concentrations as low
as 0.3 mg/l is extremely toxic to freshwater fish. It has been
recommended that public water supply sources be essentially free from
0il and grease.

Oil and grease in quantities of 100 1/8q km (10 gallons/sq mile) show
up as a sheen on the surface of a body of water. The presence of oil
Slicks prevent the full aesthetic enjoyment of water. The presence of
oil in water can also increase the toxicity of other substances being
discharged into the receiving bodies of water. Municipalities
frequently limit the quantity of oil and grease that can be discharged
to their wastewater treatment systems by industry.

Acidity and Alkalinity (pH)

Although not a specific pollutant, pH is related to the acidity or
alkalinity of a wastewater stream. It is not a linear or direct
measure of either, however, it may be used properly as a surrogate to
control both excess acidity and excess alkalinity in water. The term
PH is used to describe the hydrogen ion - hydroxyl ion balance in
water. pH measures the hydrogen ion concentration or activity present
in a given solution. PH numbers are the negative cammon logarithm of
the hydrogen ion concentration. a PH of 7 indicates neutrality or a
balance between free hydrogen and free hydroxyl ions. A pH above 7
indicates that the solution is alkaline, while a PH below 7 indicates
that the solution is acid.
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Knowledge of the pH of water or wastewater is useful in determining
necessary measures for corrosion control, pollution control, and
disinfection. Waters with a pH below 6.0 are corrosive to water works
structures, distribution lines, and household plumbing fixtures and
such corrosion can add constituents to drinking water such as iron,
copper, zinc, cadmium, and lead. Low pH waters not only tend to
dissolve metals from structures and fixtures but also tend to
redissolve or leach metals from sludges and bottom sediments. The
hydrogen ion concentration can affect the "taste® of the water and at
a low pH, water tastes "sour."

Extremes of pH or rapid pH changes can exert stress conditions or kill
aquatic life outright. Even moderate changes from "“acceptable"
criteria limits of pH are deleterious to some species. The relative
toxicity to aquatic life of many materials is increased by changes in
the water pH. For example, metalocyanide complexes can increase a
thousand-fold in toxicity with a drop of 1.5 pH units. Ssimilarly, the
toxicity of ammonia is a function of pH. The bactericidal effect of
chlorine in most cases is 1less as the pH increases, and it is
economically advantageous to keep the pH close to 7.

Acidity is defined as the quantitative ability of a water to
neutralize hydroxyl ions. It is usually expressed as the calcium
carbonate equivalent of the hydroxyl ions neutralized. Acidity should
not be confused with pE value. Acidity is the quantity of hydrogen
ions which may be released to react with or neutralize hydroxyl ions
while pH is a measure of the free hydrogen ions in a solution at the

instant the pH measurement is made. A property of many chemicals,

called buffering, may hold hydrogen ions in a solution from being in
the free state and being measured as pH. The bond of most buffers is
rather weak and hydrogen ions tend to be released from the buffer as
needed to maintain a fixed pH value.

Highly acid waters are corrosive to metals, concrete and living
organisms, exhibiting the pollutional characteristics outlined above
for low pH waters. Depending on buffering capacity, water may have a
higher total acidity at pH values of 6.0 than other waters with a pH
value of 4.0.

RATIONALE FOR REJECTION OF POLLUTION PARAMETERS

A number of parameters shown in Table VI-2 have been rejected as
pollution parameters. This rejection was based on negative answers to
one or both of the questions used to select pollution parameters.
FRejected parameters are listed in Table VI-4. A brief discussion of
the rejected parameters and the rationale follows.
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Table VI-4. PARAMETERS REJECTED AS POLLUTION PARAMETERS

Specific Parameters Non-Specific

Metals Non-Metals Parameters
As Mn PO, ‘ Total Solids

Hg Al NO, Dissolved solids
Fe COoD

ca BOD

Ni

Arsenic has been rejected because its use in antifouling paints has
been discontinued due to toxicity. Mercury also formerly was included
as a constituent of antifouling paints. However, on March 29, 1972,
the EPA suspended its use in marine paints, and since that use was not
subject to appeal (although its use in other paint formulations was
appealed), it no longer is found in shipbuilding and repair
facilities. If further investigation reveals the presence of arsenic
in foreign paints which are subsequently removed in U.S. facilities,
then it shall become a selected pollutant.

Iron has been rejected because, except for trace quantities in spent
paint both as a Pigment component and as rust blasted from the hulls,
its presence in shipbuilding and repair facilities is in the form of
structural steel, or at levels below immediate concern.

¢cd, Ni, and Mn are unlikely constituents to arise from shipyard
operations. No uses of these materials in shipyards have been
identified. Aluminum may be present but is not considered a
significant pollutant. Aluminum in the form of alum is commonly used
in water treatment plants.

Phosphates and nitrites have been eliminated. Both are potentially
detrimental to natural water bodies, but the only source is from wet
blasting to bare metal. In this operation they are added to the water
in fractional percentages as rust inhibitors. wet blasting to bare
metal is rarely used in shipyard practice because of the formation of
rust on the unpainted surface.

COD and BOD have also been rejected. COD occurs as a result of the
presence of reducing chemical compounds in the wastewater. The only
reducing chemical species identified are nitrites, and these have been
rejected as a parameter. BOD results from biological (sanitary)
wastes and is not within the scope of this study.
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SECTION VII

TREATMENT AND CONTROL TECHNOLOGY

INTRODUCTION

Treatment and control of shipyard discharges isg subject to problems
not encountered in most industries. One example is the volume of
water involved in graving dock dewatering or raising floating
drydocks. Graving dock volumes shown in Table III-8 range from 3.8
million liters (1.0 million gallons) to 246 million liters (65 million
gallons). _Dewatering may be carried out in four hours or less and at

million liters (390 million gallons) per day. Floating drydocks are
open ended, and confinement of volumes of water equivalent to that
found in graving docks would make it impossible to raise the dock.
Thus, flooding and dewatering operations defy practical wastewater
treatment.

There are, however, a number of practices which can potentially
benefit the discharges of industrial and other waters from both
graving docks and floating drydocks. In the course of this study,
these practices, which constitute the treatment and control technology
in use or under development, were observed or reported to the
contractor by facilities visited or contacted.

Seven facilities were visited and thirty-eight were contacted by
telephone. From the information obtained, the treatment and control
technology in use basically consists of (1) Cclean-up procedures in the
dock and (2) control of water flows within the dock. The degree to
which the available control measures are implemented by any yard
depends upon conditions prevailing at the facility, physical
constraints within the facility, economic factors, and, to a large
extent, management philosophy.

All facilities practice some degree of clean up at various times,
although this may consist only of moving debris out of the work area
when accumulations interfere with operations. During the docking
period, some facilities use extensive clean~up procedures, not only to
remove debris prior to flooding, but to eliminate possible contact
with gate 1leakage, hydrostatic water, or rainwater. In general
drydock clean up is directed toward improving productivity and safety
and toward maintaining ‘acceptable working conditions. Both mechanical
and manual methods are in use.
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Mechanical clean-up methods used or tried include mechanical sweepers,
front loaders, vacuum equipment and closed cycle blasting. Manual
methods include shovels, brooms, and hoses.

Control of water flows within the dock, like clean-up procedures,
varies with facility. In some cases, no controls of wastewater from
either the docked vessel, industrial activities, leakage, or other
natural causes are practiced.

other facilities use methods to control and segregate water flows or
have plans to implement such control. Generally, control and
segregation of water flows in the dock, when practiced, has been for
the same purposes as clean up, i.e., productivity, safety, and
improved working conditions. However, recently, particularly in naval
facilities, this form of control has the added purpose of eliminating
potential discharge of pollutants. '

In summary the treatment and control technology being applied or
planned for drydocks consists of clean-up procedures and control and

segregation of water flows. The objectives of clean-up activities
are:

o To improve productivity by removing physical obstacles and
impediments to men and machinery working in the dock.

o To improve safety by eliminating hazardous materials and
. conditions from the work area.

o To improve working conditions by eliminating health (and
safety) hazards and factors detrimental to morale.

o To prevent potential contaminants from being discharged to
the atmosphere or waterways.

Wwhere control and segregation of water flows within the docks are in
use or planned the objectives are:

o To segregate sanitary waste, cooling water, industrial
wastewaters, and leakages in order to comply with existing
regulations governing sanitary wastes.

o To comply with existing regulations governing oil spills and
discharges.

o To prevent transport of solids to the waterway way and
contact of wastewater with debris in the drydock.

Management practices consistant with attaining these objectives have
been defined. These represent actions and philosophies which can be
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adopted in the normal course of shipyard operations. as such they can
be set forth in general terms, and the particular conditions
prevailing at each facility will determine the details and methods of
implementation. The best management practices are presented below.

The following specific requirements shall be incorporated in NPDES
permits and are to be used as guidance in the development of a
specific facility plan. Best Management Practices (BMP) numbered 2,
5S¢ 7 and 10 should be considered on a case-by-case basis for yards in
which wet blasting to remove paint or dry abrasive blasting do not
occur, and BMP 10 does not apply to floating drydocks.

BEST MANAGEMENT PRACTICES (BMP)

BMP 1. Control of lLarge Solid Materials. Serap metal, wood and
plastic, miscellaneous trash such as paper and glass,
industrial scrap and waste such as insulation, welding rods,
packaging, etc., shall be removed from the drydock floor
prior to flooding or sinking.

EMP 2. Control of Blasting Debris. Clean-up of spent paint and
abrasive shall be undertaken as part of the repair or
production activities to the degree technically feasible to
prevent its entry into drainage systems. Mechanical clean-
up may be accomplished by mechanical sweepers, front
loaders, or innovative equipment. Manual methods include
the use of shovels and brooms. Innovations and procedures
which improve the effectiveness of clean-up operations shall
be adapted, where they can be demonstrated as preventing the
discharge of solids. Those portions of the drydock floor
which are reasonably accessible shall be "scraped or broomed
clean” of spent abrasive prior to flooding.

After a vessel has been removed from the drydock and the
dock has been deflooded for repositioning of the keel and
bilge blocks, the remaining areas of the floor which were
previously inaccessible shall be cleaned by scraping or
broom cleaning prior to the introduction of another vessel
into the drydock. The requirement to clean the previously
inaccessible area shall be waived either in an emergency
situations or when another vessel is ready to be introduced
into the drydock within fifteen (15) hours. Where tides are
not a factor, this time shall be eight (8) hours.

BMP 3. Qil, Grease, and Fuel Spills. During the drydocked period
oil, grease, or fuel spills shall be prevented from reaching
drainage systems and from discharge with drainage water.
Cleanup shall be carried out promptly after an oil or grease
spill is detected. :
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BMP 4.

BMP S.

BMP 6.

BMP 7.

BMP 8.

BMP 9.

BMP 10.

Paint and Solvent Spills. Paint and solvent spills shall be
treated as oil spills and segregated from discharge water.
spills shall be contained until clean-up is complete.
Mixing of paint shall be carried out in locations and under
conditions such that spills shall be prevented from entering
drainage systems and discharging with the drainage water.

Abrasive Blasting Debris (Graving Docks). Abrasive blasting
debris in graving docks shall be prevented from discharge

with drainage water. such blasting debris as deposits in ~

drainage channels shall be removed promptly and as
completely as is feasible. In some cases, covers can be
placed over drainage channels, trenches, and other drains in
graving docks to prevent entry of abrasive blasting debris.

Segregation of Waste Water Flows in Drydocks. The various
process wastewater streams shall be segregated from sanitary
wastes. Gate and hydrostatic 1leakage may also require
segregation.

Contact Between Water and Debris. Shipboard cooling and
process water shall be directed so as to minimize contact
with spent abrasive and paint and other debris. Contact of
spent abrasive and paint by water can be reduced by proper
segregation and control of wastewater streams. When debris
is present, hosing of the dock should be minimized. When
hosing is used as a removal method, appropriate methods
should be incorporated to prevent accumulation of debris in
drainage systems and to promptly remove it from such systems
to prevent its discharge with wastewater.

Maintenance of Gate Seals and Closure. Leakage through the
gate shall be minimized by repair and maintenance of the
sealing surfaces and proper seating of the gate.
Appropriate channelling of leakage water to the drainage
system should be accomplished in a manner that reduces
contact with debris.

Maintenance of Hoses, Soil Chutes, and Pipinge. Leaking
connections, valves, pipes, hoses, and soil chutes carrying
either water or wastewater shall be replaced or repaired
immediately. Soil chute and hose connections to the vessel
and to receiving lines or containers shall be positive and
as leak free as practicable.

water Blasting, Hydroblasting, and Water-Cone Abrasive
Blasting (Graving Docks}. When  water blasting,
hydroblasting, or water-cone lasting is wused in graving
docks to remove paint from surfaces, the resulting water and
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debris shall bLe collected in a Sump or other suitable
device. This mixture then will be either delivered to
appropriate containers for removal and disposal or subjected
to treatment to concentrate the solids for disposal and
prepare the water for reuse or discharge.

CURRENT TREATMENT AND CONTROL TECHNOLOGIES

Most of the current efforts toward water pollution control in both
graving docks and floating drydocks are derived from the
recommendations of the rationale for shipbuilding and ship repair
facilities published by the Denver branch of EPA's National Field
Investigations Center in 1974, (Reference 12), after observing the
practices in effect in some shipyards. That document emphasized the
segregation of wastewaters and general housekeeping practices. It was
recommended that all water flows be intercepted or otherwise
controlled in order to prevent contact with spent paint and abrasive
and other solid materials on the drydock floor. Procedures for
handling particular water flows, cooling water, hydrostatic relief
water, gate leakage, and air scrubber water were specified.
Miscellaneous trash was to be eliminated through "the diligent use of
waste receptacles or a thorough clean Upe..prior to flooding." Clean
up of the drydock floor to "broom clean conditions® prior to each
undocking was recommended.

Many of the shipyards contacted or visited during the course of this
study have made efforts to comply with these recommendations. Their
efforts fall into two general areas (as set forth in Table VII-1l):

o Clean up of abrasive
o) Control of wastewater flows

The extent to which particular treatment and control technologies were
found to exist during the contact and visit phase of this study are
shown in Table VII-2.

The following paragraphs describe observed sequences of the drydock
treatment and control technologies listed in Table VII-3. It should
be noted that certain of these processes and technologies are designed
to reduce or eliminate effluents in drainage pump discharges and
overboard flows from floating drydocks. Others are effective on the
much larger discharges which occur during deflooding and sinking. The
next few pages document procedures for the clean-up of spent abrasive
and other solid drydock debris at seven shipyards which were visited
and observed (labeled shipyards A through G) as well as procedures for
handling cooling water discharges.
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